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PREFACE 
Or late years, in the writing of textbooks of trigonometry, 
a tendency to amplification has shown itself, doubtless with 
the idea that amplification means simplification. Unfortu- 
nately the amplification has spent itself upon details rather 
than upon principles, which latter have too often been in- 
adequately treated. The result has been textbooks which ™ 
overlook the comparative maturity of the boys and girls 
who study trigonometry and which cling almost with affec- 
tion to the practices of the most elementary mathematics. 
The present text aims to present the trigonometry in 
such a way as to make it interesting to students approach- 
ing some maturity, and so as to connect the subject, not — 
only with the mathematics which the student has already 


had, but also with the mathematics which, in many cases at. 


least, is to follow. A subject may be so burdened with 
detailed explanations as to become monotonous and lifeless, 
or, on the other hand, presented in so concise and difficult a 
manner as to be repellent. The present work endeavors to 
avoid both extremes. Full explanations are given of im- 
portant principles, but many simple details are left to the 
work of the student. 

The following points in the text may be noted : 

1. Positive and negative angles of any magnitude and the 
trigonometric functions of such angles, defined by means of 
a system of rectangular coérdinates, are taken up in the 
beginning of the book; acute angles, with their functions, 
being mentioned as a spon case. 

2. Thus the basic trigonometric identities are got at once 


for all angles. 
Vv 
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3. The functions of 0°, 90°, ete., are carefully explained 
by the theory of limits. 

4. The solution of right triangles ans related problems 
are taken up early without the use of logarithms. 

5. Logarithms are then very carefully explained and fully 
discussed, not so much as to their use in computation, but 
rather so as to clarify their meaning.. 

6. Right triangles are then solved by the use of loga- 
rithms, and the essentially approximate nature of all nu- 
merical results is emphasized. 

7. The text next returns to trigonometric identities, giv- 
ing a detailed and accurate proof of the addition formule 


for sines and cosines, with less detailed but sufficient expla- 


nation of other fundamental identities. The number of 
identities to be memorized is reduced to a minimum. 

8. The circular measure of an angle and the inverse fune- 
tions are then taken up, emphasis being laid upon the fact 
that the latter are angles. 

9. There follows the solution of triangles in general. As 
each case is mentioned the theorems or formule needed for 
its solution are derived. 

10. The last subject treated in the plane trigonometry is 
the solution of trigonometric equations, and the fact is em- 
phasized that the operations are simply the solution of 
algebraic equations applied to a new class of quantities. 

11. The lists of examples and problems are numerous 
and carefully chosen, many of them being taken from work 
in analytic geometry and calculus, though, of course, nc 
knowledge of either of these subjects is assumed. Some of 


_ the problems are entirely new, being invented for this text 


and all problems are chosen with a purpose to indicate the 
practical interest and value of trigonometry. 

12. In the spherical trigonometry, as in the plane, the 
three chief aims are brevity, clarity, and simplicity ; gr 
chapter on the Earth treated as a sphere being given t 


_ enliven an otherwise somewhat formal and lifeless subject. 


13. The author has not tried to revolutionize the teaching 
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of trigonometry, believing that much that has been done in 
the past is good though none the less open to improvement. 
Such improvement has been the aim of this work. 

The author wishes to acknowledge the kindness of his 
colleagues Professor H. W. Tyler, Professor F. L. Hitch- 
cock, and Professor J. Lipka in reading and criticizing the 
manuscript of his book, and to express his thanks to Pro- 
fessor E. R. Hedrick, editor of the tables appended, for 
permission to make use of them. 

L. M. Passano. 
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INTRODUCTION 


TRIGONOMETRY is primarily the science concerned with 
the measurement of plane and spherical triangles, that is, 
with the determination of three of the parts of such tri- 
angles when the numerical values of the other three parts. 
are given. This is done by means of the six trigono- 
metric functions, defined in article 4 following. But these 
functions enter so intimately into many branches of mathe- 
matical and physical science not directly concerned with the 
measurement of angles, that their analytical properties are 
of fundamental importance. Analytical trigonometry, that 
is, the proof and use of various algebraic relations among 
the trigonometric functions of the same or related angles,’ 
is therefore, in modern times, of equal importance with the 
trigonometry which deals with triangular solutions. 

The same functions which enable one to solve triangles 
constructed in a plane suffice also for the solution of spheri- 
cal triangles. But the solution of triangles of which the 
sides are geodetic lines, that is, lines which are the shortest _ 
distances between pairs of points on the surface, on a sphe- 
roidal surface such as the Earth, requires the use of other 
functions than those needed for the solution of plane or 
spherical triangles. This spheroidal trigonometry is very 
complex, and becomes necessary only in the accurate sur- 
vey of very large tracts of the Earth’s surface. For ordi- 
nary purposes of surveying and for the solution of triangles 
on the Earth’s surface over small areas, plane and spherical 
trigonometry are sufficient. 

The study of trigonometry, as ancillary to astronomy, 
dates from very early times. Among the Greeks, who, 

xiii 
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fs : - > . ; Pea 
however, were more famous as geometers than as investi- 


gators in other branches of mathematics, the names of 
Hipparchus (about 150 B.c.) and of Ptolemy (who lived in 
the second century of the Christian era), both astronomers, 
are prominent. Hipparchus left no mathematical writings, 
but we are told by an ancient writer that he created the 
science of trigonometry. Ptolemy, making use of the inves- 
tigations and discoveries of Hipparchus, perfected the form 
of the science. The theorems of these two astronomers are 
still the basis of trigonometry. 

Ptolemy calculated a table of chords, which were used in 
those earliest days of the science, as we now use the sines 


of angles. The radius of a circle he divided into sixty 


hb. 


equal parts. Each of these he divided again into sixty equal 
parts, called, in the Latin translation of his work the 
Almagest, “partes minutae primae”; and each of these in 


turn into sixty, called “partes minutae secundae”; whence 


have come the names “minutes” and “seconds” for the 


subdivisions of the angular degree. Ptolemy, however, was 
not the first to calculate a table of chords, Hipparchus, 
among others, having done so previously, but he invented 
theorems by means of which the calculations could be more 


readily made. 


The Hindus, more skillful calculators than the Greeks, 
acquired the knowledge of the latter and improved upon it, 


notably in that they calculated tables of the half-chord, or 


sine, instead of the whole chord of the angle. The Arabs 
also were acquainted with the Almagest, and with the 
investigations of the Hindus. It was an Arab, Al Battani 
or Albategnius, who first calculated a table of what may be 
called cotangents, by computing the lengths of shadows of 
a vertical object cast by the sun at different altitudes. 
Another Arab invented, as a separate function, the tangent, 
which had previously been used only as an abbreviation of 
the ratio sine to cosine. Curiously enough this invention 
was afterwards forgotten until the tangent was re-invented 
in England in the fourteenth century by Bradwardine, and 
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in the fifteenth century by the German, Johannes Miller, 
salled Regiomontanus, who wrote the first complete Euro- 
pean treatise on trigonometry. 

When Napier* invented logarithms, in 1614, they were at 
once adopted in trigonometric calculations, and the first 
tables of logarithmic sines and tangents were made by 
Edmund Gunter, an English astronomer (1581-1626). He 
it was who first used the names cosine, cotangent, and co- 
secant. During the following century the science of trigo- 
nometry progressed slowly, becoming more analytical in 
form, until, in the hands of Euler (1707-1783), it became 
essentially what it is at the present day. 

With this brief introduction to the history of trigonom- 
etry let us now proceed to become acquainted with that 
homely, perhaps, but most serviceable handmaid to so many 
of the arts and sciences, 


se | , . being just as great, no doubt, 
Useful to men, and dear to God, as they !”’ 


* John Napier, 1550-1617. 
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CHAPTER I 


THE TRIGONOMETRIC FUNCTIONS OF ANY ANGLE, AND 
IDENTICAL RELATIONS AMONG THEM 


1. Rectangular Coérdinates. Two lines, a’x and y’y, drawn 
in a plane at right angles to each other, as in Fig. 1, form 
a system of rectangular, Cartesian coédrdinates. The point 
O in which the lines intersect is called the origin; the two 


nih tely oe 


lines are called the axes of codrdinates. One of these, 
usually the horizontal line, is called the axis of abscissex, or 
the axis of x The other is called the axis of ordinates, 
or the axis of y. We shall speak of XOY, YOX’, X’OY’, 
and Y’OX as the first, second, third, and fourth quadrants 
respectively. 

2. Angles of any Magnitude. There are many ways in 
which a system of codrdinates is used in mathematics. In 
trigonometry such a system is used primarily in defining 

oi 1 - 


“ 
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the trigonometric functions, but before we proceed to do so 
we shall extend our ideas of angles beyond the knowledge 
we obtained of them in the elementary geometry. There 
an angle is defined by some such definition as the following: 

the plane figure formed by two straight lines drawn from 
the same point. The unit of angles is either the right angle, 
or the degree, and the largest angle usually dealt with is 
equivalent to two right angles and is often called a straight 
angle. In trigonometry, on the other hand, we deal with 
angles of any magnitude whatever. To do so we introduce 
the idea of motion, of revolution. Starting from the initial 
position OX, Fig. 1, we may revolve the line about O in 
the direction indicated by the arrows, stopping in any 


desired terminal position OP;, OP, OP;, OP,, ete. In this 


way angles of any number of degrees whatever may be gen- 
erated. Thus, if we stop in the position OY, we have an 
angle of 90°; in the position OX’, 180°; in the position 
OP;, 225°; in the position OY’, 270°, and so on. By mak- 
ing one whole revolution we should arrive at an angle of 
360°; two and one half revolutions, 900°; ete. 

Not only so, but we might revolve from the initial posi- 
tion OX in the opposite direction. Now oppositeness is 
indicated algebraically by the use of the signs plus (+) and 
minus (—). So that if we agree to take the positive direc- 
tion of revolution counterclockwise, then clockwise will 


be the negative direction and we can thus generate negative 


angles of any magnitude whatever. Thus, Fig. 1, the 
angle XOP; is 225° if we have revolved in the positive 
direction, but is — 135° if we have revolved in the negative 
direction. When an angle lies in value between 0° and 90° 
it is said to be an angle in the first quadrant since its 


terminal side lies in the first quadrant. An angle lying in 


value between 90° and 180° is said to be in the second 
quadrant; between 180° and 270°, in the third quadrant; 
between 270° and 360°, in the fourth quadrant. 
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EXAMPLES 

Construct the angles 
pls 300°: 3. 750°. 5. — 1215°. 

2. — 210°. 4. — 495°. 6. 420°. 
Add the following angles graphically : 

7. 720° and 30°. 10. 990° and — 60°. 

8. — 180° and 60°. 11. — 45° and 120°. 

9. —90° and — 45°. 12. 185° and — 450°. 


If A is a positive angle in the first, second, third, or fourth quad- 
rant respectively, add graphically 


13. 450° and A. 15. 180° and — A. 
14. — 270° and A. 16. — 540° and — A. 


3. Abscissa, Ordinate, and Distance. Consider an angle, 
positive or negative, of any magnitude whatever*, XOP, of 


‘Fig. 2. From P, any point in the terminal side of this 
angle, drop a perpendicular upon the axis of #. The lines 
of the figure are named as follows: OM is called the 
abscissa of the point P, MP the ordinate, and OP the dis- 
tance. The abscissa OM and the ordinate MP are together 
called the coérdinates of the point P. Note very carefully 
that the abscissa is always read from O to M, the ordinate 


from M to P; that is, in each case from the axis to the 


* As a matter of convenience we do not consider angles numerically 
greater than 360°. It is obvious that the discussion applies equally well 
to such angles. 
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point. The distance is read from O to P. Thus, for an 
angle in the second or third quadrant the direction of the 
abscissa is opposite to that of an angle in the first or fourth 
quadrant. For an angle in the third or fourth quadrant 
the direction of the ordinate is opposite to that of the 
ordinate of an angle in the first or second quadrant. 
Oppositeness in direction being distinguished as usual by 
difference in algebraic sign we have the following con- 
ventions : 


The abscissa measured to the right of the axis of y is 


positive ; to the-left, negative. The ordinate measured up- 


ward from the axis of x is positive ; downward, negative. 


The distance is measured from the origin outward and is 


taken positive. 
EXAMPLES 
1. The abscissa of a point is 3, its ordinate 4 ; find the distance. 
2. The distance of a point is 5, its ordinate 4 ; find the abscissa. 
3. The ordinate of a point is — 2, its distance 8; find the abscissa. 


4. The ordinate of a point is —5, its ie ie —4; find the 
distance. - 


5. Prove that the square of the distance of any point is equal to 
the sum of the squares of the abscissa and ordinate. 


_ 6. Prove that for all points on a straight line through the origin 
the ratio of the ordinate to the abscissa is constant. 


4. The Trigonometric Functions Defined. Let us now 


proceed to define the six trigonometric functions of an 


angle; six quantities which depend upon the angle for 
their values. They are the possible ratios between the 
various pairs of the three lines named in Art. 8. Thus, 
Fig. 2, the 


sine XOP see nate ee Ee 
~ distance of POP’ 
cosine XOP — abscissa of P_ om 


distance of P__ OP’ 


tangent XOP _ ordinate of P_ MP 
~ abscissa of POM” 
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abscissa of P OM 
ordinate of P MP’ 
__ distance of P_ OP 

abscissa of P OM 
distance of P OP 


cosecant XOP = ———— "= — 
ordinate of P MP 


cotangent XOP = 


secant XOP 


> 


Three other functions are sometimes used: The versed 
sine, which is unity minus the cosine; the coverséd sine, 
which is unity minus the sine; the suversed sine, which is. 
unity plus the cosine. They are relatively unimportant. 


5. Trigonometric Functions are Ratios. The first thing 
to be noted about these functions is that, being ratios, they 
are independent of the actual lengths of the abscissa, 


Fie. 3. 


ordinate, and distance. Thus, Fig. 3, the triangles OM,P,, 
OM2P,, and OM,P; being similar, their homologous sides 
are proportional, so that 


Similarly the truth of the statement may be shown for 
the remaining functions. 


ae, «6. ‘give of the Functions. “The second point to be no 
Bi the signs of the functions vary according to th 
"quadrant in which the angle lies. Thus, Fig. 2, for the 

angle XOP in the first meager the abscissa, ordinate and 


positive. For the any XOP in the second andar the 
ordinate and distance are positive, the abscissa negative. 
; $e Tins we have for the angle in the second quadrant 


sin XoP=f5=+t= +, 
cos xop=?0===-, 
tan XOP=72 -ta-, 
ee XOP=S5=5=7-> 
; see XOP=OF -t=-, 


“The following table gives the signs of the functions i 
four quadrants. 


Quan. I ll III LV: Quan. . 

sine “i + _ = cosecant 

cosine + — _ + secant 

tangent + — + — cotangent a 
EXAMPLES : 
‘ eae the Sieobrais signs of _ ; te | 
3. sin 1100°. 5. sec 18, . x, 
4. Wits 99°), aad 
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7. Functions of Acute Angles. A special set of definitions 
for the functions of acute angles, which are sometimes 
useful and should be known, follows directly as a speciai 


Fic. 4. 


ease of the general definitions given above. Thus, Fig. 4, 
in which the angle XOP lies in a right triangle, 


sin XOP = Ordinate _ opposite side 
distance hypotenuse ’ 


cos XOP = abscissa _ adjacent side 
distance hypotenuse ’ 


d.__ opp. side 
XOP = °° ., OPP. side 
ee abs. adj. side ’ 


cot XOP __ abs. adj. side © 
ord. opp. side’ 


dist. _ hypot. 
a ee 
ce abs. adj. side’ 


esc XOP= dist. = pay DOLE 
ord. opp. side 


These definitions, it must be noted, completely agree 
with the more general definitions, but are applicable only 
0 angles less than ninety degrees, since angles greater 
han ninety degrees cannot occur in right triangles, 


8. Reciprocal Functions. Two questions would naturally 
uggest themselves at this point: Are the trigonometric 
unctions of an angle related to each other in any particular 3, 


Ww 


ae a os fx e _ : ; ie ‘ “ y 

ial? 4 tee wee 4 = : 
2 gee ns tiele | So 
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way? and, second, if there be a definite relation between 
two given angles will the functions of those angles ~ bear 
some special relation to each other? We shall proceed to 
answer the first of these questions affirmatively, but shall 
- Jeave the discussion of the second question to a later 
chapter (Chap. II). Thus, if « be any angle, it follows 
by the definitions of the trigonometric functions that. 


rea ordinate 1 3 he 
ioe. “= distance dist. ~ ese @” 
ord. 
* abscissa 1 1 
. eee oe 
eek 3 distance dist. seca 
N ‘abs. 
= | | 
as tan « = ordinate _ = mS = 1 


abscissa abs. cota 
ord. 


of the sine and cosecant, the cosine and secant, the tangent 
hy 


7 


ce, A Tangent, Sine and Cosine. Again, by definition, and by 
Art. 8, tle | 
aes 


ordinate 
ee ordinate distance sine 
abscissa abscissa cos @ oy 
distance | 
1 i COS a 
cot 6 = —— = . 
tana sin sin@ sin o 


; COs @ a « 


; _ These relations may be proved Sthorniee: ies Fig. ae 


ao MP ‘ ] y 
Ee » MP _ OP _sin XOP ae 
ny Segond ys TT Ree ele cos XOP" a 


Be OP 
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10. Sine and Cosine. Also, Fig. 5, it is obvious that 


P? +. OM’ = OP’. 
Dividing each term by OP’ gives 
MP\?’, (OM\? 
— — |) =1. 
(op) * (op 
Whence, by definition, 
(sin XOP)?+ (cos XOP)? =1 
or, as it is usually written, letting a = 2 XOP, 
sin? « + cos? a@ = 1. 


11. Tangent and Secant. Similarly, writing the first 
equation of Art. 10 in the form 


OP? = MP’ + OM’ 
and dividing each term by OM”, we have 


(ox) (our) +* 


‘PLANE TRIGONOMETRY ea cf: 
ony Pay es a 
-‘ That is (sec XOP)? ten XOP)?+1 | “e 


sec? a = tan?a +1. 


In the same way we obtain the relation 
ese? a = cot? a +1. 
12. Fundamental Relations. These relations, summarized 


ay _ below, are of great importance and must be memorized. 


% 


~ ere : 1 1 by 
4 sin a> cos a = ——_ tan a = ——_, 1) 
am csc a.” sec a. cot a’ (1) 

or’ csc AL et ike cheese. cot a Sale. @ 
a sina cos @ tana 

sin a cos a = 
tan a=——, cota= (2) 
; : sin a ; ; (2) 
 sin?a + cos?a = 1. ; (3) 
sec? = =l+tan?a, cs?a=1+cot?a @ 


A, | 18. By means of the identities of Art. 12 the value of 
any y one of the trigonometric functions may be expressed in 
terms of each of the other five. Thus, by (3) 


sin a=V1— cos? a 


tan « _ tan @ 


sin « = tan « « cos @ = eter 
seca Seg 


sarais be given, the values of the eamnehiae functions 
ma be found, but a simpler method of obtaining a 
il lustrated by the following examples. 


a a . bbe iene 
eek , re hale e \ oe 


sae Fees 


oe \ 
. ; { 
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Example 1. Given sin A =— 3, find the values of the 
remaining functions. 
Se lace mee _ 22-2. 
ist m:3 3 3 


The distance being always positive, the minus sign nec- 
essarily is taken with the ordinate. Therefore, Fig. 6, 
construct an angle whose ordinate is — 2 and whose dis- 


Fia. 6. 


tance is 3, or any multiple (m) of — 2 and 3. The third 


side of the right triangle is +V9—4=+4V5. Thisis- 


the value of the abscissa and we may write the values of 
the six functions from the definitions. . 


foexOR.=—=, sr OR ee 
3 3 
Gos xoP, =-™2, cos xoP, =, 
tan XOP, = -2- t XOP = S 
V8’ tia Gare LO 
cot XOP, = ¥?, cot XOP, =— 5, 
. see XOP, =— sill sec MOP nem 
V5 


esc XOP, = —3. 


apa 2. Given cot A =~— 4, find the remaining fi 
tions. abs. Ar ee ee 5 


A } 
since either the abscissa or the ordinate may be negative. — 
Construct an angle XOP,, Fig. 7, having an abscissa — 5— 
and an ordinate + 4, and anangle X Ola having an abscissa 


: sin XOP, = are : sin XOP, =— are 
x s xor,=-5, cos XOP,= ~~, 
tm xor,=—4, ‘ei tan XOP, =—f, 
| cot XOP,=—5, cot XOP, =—%, ee 
2 seo XOP, = meas | sec XOP, = ve 
XOP, ae > ese aie 


ater whether the s sign of nee given ‘function be ns : 
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EXAMPLES 


Find the values of the remaining functions, given that 
1. sin @ =}. 3. cota =— 3. 5. seca = 4, 
2. COS =— 3. 4. tana = 3. 6. csc & =— 45, 


7. If sin a= 5, can the values of the remaining functions be 
found? Why ? ; 
8. If sec z=, can the values of the remaining functions be 
found ? Why ? 
9. If tan «=— 4, can the values of the remaining functions be 
found? Why ? 
10. Given sec & = 3, find the functions of 90° — a. 
11. Given cot a = 2, find the functions of 90° — a. 


_ Prove the following relations : 


A cot a ree tao 
12. 008 @ = oe ee V1 = tan a. 
+ cot? a tan 0 
13. a ee 20. —cs@ 2% 3 + sin @ 
vsec? a — 1 1—sin @ cos & 
ese 
14) eet, == Ss. 21. bares = sin a. 
Vese? e — 1 sec 
2 
(at a 22, SC © — osc? w + sec? a. 
V1 + cot? a : sin? @ 
16. tana = V1 = cos? a, 93, Ce — cog a. 
COS & csc & 
seria 24. tan m-csc a = seca. 
v1 — sin? a 
COS 0 1 
SS yeti ee 25. cosa@- sec & = —_—_—_—_. 
BS 9 OC 0 = V1— cos? @ COS & + SCC & 


26. sec? « — csc2a = tan? « — cot? a. 


CHAPTER II 


bs _ RELATED ANGLES. THE VALUES OF THE FUNC- 
_ ‘TIONS OF CERTAIN ANGLES 


: age 15. Functions of Negative Angles. We shall now sto 
to determine the relations which exist among the functions 
of two angles when those angles are rélated in some par- 


ie the: Saaaiias of the other, Vig. 8. Let the walkie of. the 
oe, positive angle XOP be a, and of the numerically equal 
“M negative angle XOP' be —a. On the terminal sides of 
Se "these angles lay off the equal distances OP and 7 sae and 
_ drop perpendiculars from P and P! upon the axis of a. 
a yy There perpendiculars will parnsly cut the axis of a in 
14 


ek. ane ; | : ; — Lacs ‘aia 
4 c ‘ : ‘tear eee se 
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the same point, M, and the two right triangles MOP and 
MOP' will be congruent. Therefore, OP'=OP, OM=OM, 
and MP'=— MP. We then have 


sin (— a= 2S = <P = sin a, 

cos (— a) = OE = OR = 008 a, 

tan (— a) = OE = a = tan Ot, (5) 
cot (— =e 1 = cot a, 

sec (— a= OF OF SEC a, 

ese (— 0) = Oe = Ea osc a 


Thus any function of a negative angle is equal, numeri- 
cally, to the same function of an equal positive angle. The 
algebraic sign is determined by the quadrant which — a lies 
in when « is acute. 


16. Functions of 90° — a. Consider next two angles, - 
« and 90° — «, Fig.9. Let XOP be the angle a and XOP' 
be 90°—«. Lay off on the terminal sides of these angles 
the equal distances OP and OP', and from P and P' drop 
perpendiculars PM and P'M' upon the axis of a Then 
obviously the right triangles MOP and M'OP' are congru- 
ent, and OP! = OP, M'P'= OM, and OM'= MP. There- 
fore, ; 


gin (90° — «) = “opr = OP o COS &, 
! . 
cos (90°— «)= ae = a sin a, 


. * By virtue of Art. 12, it is necessary to memorize only sin (— &) and 
08 (— a). a 


“a 


sec (90°— «) = —__ = —_ 


ese (90°— «)= 


Fia. 9. 


Thus we see that each of the functions of 90° — is 
ie paraerielly, to the co-function a the angle a. The; 


plementary angles. Indeed it was eeted of ee felas 
that the cosine, cotangent, and cosecant received their 
names. They are the sine, fngens and secant | of the 
~ complementary angle. 
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the results will be equally true for any value of « whatever. 
In Fig. 10 let the angle XOP be « and XOP’ be 90° + a. 
On the terminal sides of these angles lay off the equal dis- 
tances OP and OP’, and from P and P’ drop perpendiculars 
PM and P’M’ upon the axis of x It follows that the two 


Fie. 10. 


triangles MOP and M’OP’ are congruent and that OP’ 
= OP, M'P’ = OM, OM’ =— MP. Therefore, 


sin (90° + «)= ur= = COS a, 
cos (90° + a) = on - — 

tan (90° + «) = ure 2 =— cota, 

cot (90° + aE 

sec (90° + «= OF = ie CSC a, 

ese (90° + a) = at a- SeC a, 


18. Functions of 180°+ a. In Fig. 11 let the angle XOP 
be «and XOP' be 180° +a. On the terminal sides of these 
c i 


7] ~ I 
Ree + ae Oe cone 


tan (180° + a) = OF = TE = tana, | 
cot (180° + «) so =o" = cot a, 

sec (180° + a) = OF = OF =~ sec a, 
esc (180° + a) RE ic =a csc a. 


Upon examining these ines we are 1ed, bee 
1: 0 duction, to express them in the following general rule, 


& Any function of an even* multiple of 90° plus or minus a 
¥ ‘isthe same function of the angle a. “¢ 


\ ae Zero is taken as an even ipa so that the ae gee te case 
Art, 15. 
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Any function of an odd multiple of 90° plus or minus « is 
the co-function of the angle «. 


The algebraic sign of the value is determined by the quad- 
rant (counting in the positive direction) in which the terminal 
side of the angle lies when « is acute. 


Examples. 


1. sin (720° — «)=— sina, since 720° is an even multiple 
of 90° and the terminal side of 720° — «, when a@ is acute, 
lies in the fourth quadrant. 

2. cot (— 90° — «)= tana, since — 90° is an odd multiple 
of 90° and the terminal side of — 90° — a, when a is acute, 
lies in the third quadrant. 

3. sec (— 180° + «)=— seca, since — 180° is an even 
multiple of 90° and the terminal side of — 180° + «, « acute, 
lies in the third quadrant. . 

4, tan 281° = tan (270° + 11°) =— cot 11°, or 

tan 281° = tan (360° — 79°) = — tan 79°, 
since hs is an as multiple of 90° and the terminal 
360° even 
side of 281° lies in the fourth quadrant. 


EXAMPLES 
By means of a geometrical construction express each of the follow- 

ing as a function of @, where & is an acute angle. Check your results 
by the rule given above. Bi! 

1. cos (270° + @). 

2. sin (180°—«). 

3. csc (— 90° + a). 

4, tan (540° + «). 


. cot (270° — a). 
. sec (270° — a). 
sin (— 180° — @). 
cos (— 270° + &). 


PAHs 


Express as a function of an acute angle 


9. sin 324°. " 13. sec(— 587°). 
10. cos (— 375°). 14. cot 1140°. 
11: tan 457°. 15. tan 495°. 


12. esc (— 801°32'). 16. cos (— 480°). 


A 


. The | 
: t= - | 
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20. Functions of Certain Angles. We see e by ‘hs ie 
ing article that the functions of angles greater than 90°, 
and of negative angles, can be expressed in terms of the 
- functions of angles lying between 0° and 90°. It follows 
that if we wish to use the trigonometric functions for com- 
_ putation or for other purposes we need find their values 
only for all positive acute angles. We shall not discuss 

ee, he methods by means of which these values are computed 
aa oe general, but shall proceed to find the values of the func- 
tions of certain angles which frequently occur. We shall 
then, j in the following chapter, show how we may find the 
values of the functions of any angle from tables with which 
ee we are provided. We shall see, also, how the values thus” 
found may be used in the solution of triangles; that is, in 
finding the unknown parts, angles or sides, of a triangle 
fon parts which are given. 


21. Functions of 30° and 60°. Let the angle XOP, Fig. 12, 
é _ be an angle of 30°, and from P drop a perpendicular, PM, 


A; & 


Fig. 12. 


upon the axis of x. Then, as we know, the angle OPM is 
60°, and if OP have the value a, MP must be equal to | EA 
ae ae 
3 


" \ 


and OM equal to avs, Therefore, by Seas, ty af 


yt 


a, 
a 


— > 2 a rf, ao 3 _ af 7 y 
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ae se 4 aVv3 
sin 30° =F = 25, ag 30° OMe yi2 ess 
Qinee OP aril Gee 
MP 2 "| av3 
tan 30° = —_ = So 5 SOIR 
OM avV3 V3" cot 80° = = ap = 4 =V3, 
ae 9 
OP a 2 
sec 30° ee ee OO Sd. 
OM Gas /8 ese 30 = penne 
2 2 


By a similar construction, or by the relations of Art. 16, 
the following values may be derived : 


sin 60° = a tan 60° = V3, sec 60° = 2, 
cos 60° es cot 60° oe ese 60° 2 
: v3 v3 


Fie. 13. 


22. Functions of 45°. Let the angle XOP, Fig. 13, be an - 
angle of 45°, and from P drop a perpendicular, PM, upon 
the axis of a. Then the angle OPM is an angle of 45°, and 
if OM have the value a, MP also will be equal to a and OP 
will be a2. Therefore, by definition, 


ae 


23. Functions of Other Angles Readily Found. By sim- 
“ie coustructions the functions of 120°, 150°, 135°, etc., or, 
in general, any integral multiple of 90° plus or minus 30°, 

i 60°, or 45°, may be found. They may be found more 
_ readily, however, by using the rule given in Art. 19. ai 


Ay, 


sin 120° = sin (90° + 30°) = cos 30° = = 
Ae 
or 


eh ain sin 120° = sin (180° — at a sin 60° = v3. 
“ : = J 


EXAMPLES 
Find the values of the functions of : 
hl=..190°, | 4, 210°, 7. 300°, 
ee B./ 188°. 5. 225°, 8. 815%. 
sd, 160°. 6. 240°, 9, 330°, 
A ve that 
10. sin 210° tan 300° = sin 120°. 
ff ll sec 315° sec 300° = sec 240° sec 225°, 2 
12, tan 210° : cos 150° = tan 150° : cos 380°, | % 


esc 880° sec 815° sin 225° = — sec 120°. 


Functions of Zero. Let the value of the angle XoOP, 
be represented by «, and from P, any point in the 
1 side of the angle, drop a perpendicular, PM, upon. 
he axis of 2. _ By definition, eae 


a 


4 ! : MP , OM erat) 
i sine =—— and « ee eal 

OP paoday Of: : r a * 

* ‘ 7 . < han ae 


2 ae ee ie le Pere, 
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Now, for the sake of convenience keeping the distance 
OP constant in length, let the line OP approach nearer and 
nearer to the position OX. Then theangle « can be made,* 
smaller than any angle that may be assigned, however 


Fic. 14. 


small, or, as it is otherwise expressed, a will approach the 
limit zero. At the same time MP will approach zero as a 
limit, and OM will approach OP asa limit. Then a will — 
approach the limit zero and on will approach the limit 


unity. Thus, as the angle approaches the limit zero (or, 
becomes smaller than any value that may be assigned, how- 
ever small) its sine approaches the limit zero (or, becomes 
smaller than any value that may be assigned, however 
small) and its cosine approaches the limit unity (or, differs 
from unity by a number smaller than any number ‘that may 
be assigned, however small). This may be written 


limit sin « = 0, limit cos « = 1. 
a=) a=0 


Again, by definition, csc'a = a , and as @ grows smaller 


OP remains constant and MP grows smaller, so that ws 
becomes continually greater. Finally, when « approaches 


zero as a limit, MP becomes smaller than any number that 


* And will remain, 
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OP 
may be assigned, however small, and uP becomes greater 
than any number that may be assigned, however great. 
This we express by saying that as approaches the limit 
infinity, or increases without limit. We may then write 


limit esc «=o. 


a=0 
Similarly it may be shown that 


limit tan a = 0, limit cot c=, limit sec «= 1. 


These relations are often briefly expressed, 
sin 0° = 0, tan 0° = 0, sec 0° = 1, (6) 
cos 0° = 1, cot 0° =, esc 0° =o. 


to which there is no objection if we remember that these are 
merely abbreviations of the preceding statements, and that 


Fie. 15. 


0° means, not that we have no angle, but that we are deal- 
ing with an angle which becomes smaller than any value 
that may be assigned, however small; and that when this 
happens the sine of the angle also becomes smaller than 
any value that may be assigned, however small, the cotangent 
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becomes greater than any value that may be assigned, how- 
ever great, the cosine approaches the limit unity, etc. 


25. Functions of 90°. Let the angle XOP, Fig. 15, be 
represented by «, and let OM, MP, and OP be respectively 
the abscissa, ordinate, and distance of P. Also, keeping the 
distance OP constant, let the line OP approach OY as its 
limiting position. Then, 

: « approaches the limit 90°, 
OM approaches the limit zero, 
MP approaches the limit OP. 


Therefore, 
limit sin « = limit “#P —1, 
nate OP 
OM _ 
limit cos «= limit Of 
imit cos « = limi op” 
ae ._., MP 
imit tan « = limi ie 
= _.. OM 
imainote Sl umt = 
imit cot « = limi Fp 
Rats A ON Es 
limit sec e = limit OF — 
‘epee sec a@ 1m1 OM 0, 


Me er OY 2 
= ] t —S = 1. 
cmt ese @ = limi UP 
With the same understanding as in the preceding article 
these may be written 
sin 90° = 1, tan 90° = 0, sec 90° = , (7) 
cos 90° = 0, cot 90° = 0, ese 90° = 1. 
26. The student should find, as in Arts. 24 and 25, the 
following : 
sin 180° = 0, tan 180°=0, sec 180° =—1, (8) 
cos 180° = — 1, cot 180°= 0, csc 180° =o. 
ain 270° =—1,  tan270°=20, sec 270° =o, (9) 
cos 270° = 0, cot 270° =0, csc 270°=—1. 
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27. Limiting Values of the Functions. We have seen 
(Art. 20) that all possible numerical values of the trig- 
onometric functions are given by angles lying between 0° 
and 90°. Let us now see between what limits the values of 
the functions lie. From the discussion and figures of articles 
24 to 26 we see that 


the sine and cosine of an angle lie between —1 and +1, 

the tangent and cotangent lie between — © and + 0, 

the secant and cosecant lie between 1 and .co or between —1 
and —. 


It is well to note also, for angles in the first quadrant, 
that as the angle increases the direct functions increase, 
the co-functions decrease. 

A very convenient and simple way to remember the range 
of values and the signs of the trigonometric functions is by 


Fig. 16. 


means of the unit circle, a circle with unit radius, which 
need not be actually drawn but merely visualized. Draw 
such a circle, Fig. 16, with its center at the origin of co 
ordinates, and let XOP be any angle. Drop the perpendicu 
lar PM upon the axis of X,and draw LQ tangent to the 
circle at Z and meeting OP produced in Q. Then, by 
definition, 
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sin xop=72=4" = mp, 
cos xop=75 =O" = OM, 
tan. xop=70 70 as DQ, ete. 


If now the line OP be pictured as revolving from the 
position OL, the sine of the angle XOP, namely MP, will 
be seen to increase from zero and approach unity as the 
angle approaches 90°. The cosine, namely OM, decreases” 
from unity to zero, and the tangent (ZQ) increases without 
limit. Also, as the angle increases beyond 90°, the direc- 
tions of the lines MP and OM indicate the signs of the 
sine and cosine. ‘The other functions follow directly from 
these two by virtue of the relations of Art. 12. 


CHAPTER III 


THE SOLUTION OF RIGHT TRIANGLES. LOGARITHMS 
AND COMPUTATION BY MEANS OF LOGARITHMS 


28. Solution of Right Triangles. With the definitions of 
the trigonometric functions and tables giving their nu- 
_ merical values we are now prepared to solve right tri- 
angles; that is, to find the values of the unknown parts 
from those that are known. Two parts in addition to the 
right angle must be known, 
and one at least of these parts 
must beaside. We have then 
the general rule of procedure : 
Select that trigonometric func- 
tion which tnvolves the two 
known parts and one unknown 
part. The value of the un- 
known part can then be computed by elementary algebraic 
processes. 


Fig. 17. 


Example 1. Given A = 32° 16’, a= 124, C= 90°, find B, 
b,andc. See Fig. 17. 


Obviously B= 90° — A= 90° — 32° 16’ = 57° 44’. Then 


cot A=? sin A=%, 

a c 
= b=a cot A, c= — . 
sin A 


From the tables we find 
cot A = 1.5839, sin A = .5338. 
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Therefore, 
b = 124 x 1.5839 ea 124 
5338 
= 196.4, = 232.3. 


Example 2. Given a=50, b= 60, C= 90°, find A, B, 
and c. 
In this case, 


en We eee 
nA =o— 7 = 8333 
A= 39° 48). 


B= 90° — A= 50° 12’. 


2 


To find c we may use either 


sin A=% or c? = a? + 0? 
Cc ; 
a SEE 
C=— ri c=Va? + b2 
sin A 
50 ./2500 4 3600 
a Me = V 2500 + 3600 
6402 ba 
= 78.1. = 78.1. 
EXAMPLES 
Solve the following right triangles : Z 
1. a= 260, 3. a=.55, 5. A= 59° 58), 
A = 86° 22’. c= .70. b = 412. 
2. C= 37.5, 4. B= 72° 6/, 6. B= 24° 33/, 
6 = 40.1. c = 502. a= 211. 
PROBLEMS 


7. What is the height of a flagpole if at a horizontal distance of 
200 feet from the foot of the pole the angle of elevation of its top is 
19° 28! ? 

8. A rope is stretched taut from the top of a building to the 
round, and is found to make an angle of 58° 56’ with the horizontal. 
f the building is 61 feet high how long is the rope ? 


ie Bain a * ee ee 
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it 
9. It a tree 74.3 feet high casts a shadow 42.6 feet tong, tow 
many degrees above the horizon is the sun ? 


ie 10. A man walking on level ground finds, at a certain point, that. 
baa ne the angle of elevation of the top of a tower is 30°. He walks directly 
en a toward the tower for a distance of 300 feet and then finds the angle 
of elevation of the top to be 60°. What is the height of the tower? _ 
. 11. Ata point, _A, south of a tower the angle of elevation of the 
hae top of the tower is 60°. At another point 300 feet east of A the anglé 
; of elevation is 30°. What is the height of the tower ? 
_ 12. The angles of a right triangle are 42° and 48°; the hypotenuse 
is 200 feet. What is the length of the perpendicular from the. right. 
angle to the hypotenuse ? ; | 
_ 13. The height of a gable roof is 20 feet, its width 42 feet. What 
: is the pitch of the roof; that is, the angle it makes with at: 
horizontal ? 
14, From where I stand a tree 50 feet away has an angle of eleva- 
tion of 43°31’. From the same point another tree; 75 feet distant, 


29 


f- 3,4 has an angle of elevation of 32° 20’. Which tree is the taller and by 
. 
=a ” 99. Logarithms. The solution of right triangles as thus 
a explained is ociye elh in atl but ae become laborious i in 


ich the base is 10; and the o Niesiaty antes of which 
base is e= 2 ¥ 18 «+ The logarithm ak a number to a 


ee nc (a) must be raised to produce the number. Thus, if 
on :m, then a is the logarithm of m to the base a;, written 


ot E diorinta —a™a" = ant; (a™)" = =a" a uetd foi nega 
_ tive numbers and fractions as well as for positive integers 


* 


* Some numbers, unity, for example, cannot be so used. -? ia 


iY 
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ralues of « may be found to satisfy, approximately at least, 
uch an equation as a* = 6, no matter what values a and b 
nay have. Thus, given any number, a, by raising it to a 
uitable power, p, and extracting a suitable root, g, of the 
esult, we can obtain any other number, b; that is, ¥/a? = b. 


P 
3ut this may be written a’=b or a? = b, where x =P, the 


livision of p by q being carried out to any desired number 
f decimal places. We then call x the logarithm of 6 to the 
ase a. 


30. The Common System. For purposes of computation 
he common system, base 10, is used. Let us-form a table 
f powers of 10 and px prone the relations in terms of 
ogarithms. 


107% = .001; or logy) .001 =— 3. 


LOT ..01, logy .01 =— 2. 

102 1; logget 4 ae 

10° = A ‘ , logy 1 ==)0h 

tte 10) Joes 10-9 al 

102 = 100, log, 100 =2. 

10° = 1000, log, 1000 = 3,* 
ete. ete. 


‘This table could be extended indefinitely in either direc- 
on. If we examine the table we notice that to produce a 
umber between 1 and 10 we must raise the base 10 toa 
ositive power between 0 and 1; to produce a. number be- 
veen 10 and 100, the exponent of the base must lie between 
and 2; for a number between 100 and 1000, the exponent 
ust lie between 2 and 3,and soon. In other words, the 
garithm of a number between 1 and 10 lies between 0 and 
and is, therefore, a fraction, always expressed as a deci- 
al. The logarithm of a number between 10 and 100 lies 
tween 1 and 2, or is 1 plus a decimal. The logarithm of 
* Hereafter in this work we shall not write the base 10, Thus log7 


pans logy;)7. In general, however, except in works on trigonometry, if 
| base is written, e = 2.718» is ynderstood. 


- 


ns Ese ae —4 | 


~ 
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Pee of anumber is thus seen to cone in ee , 
of two parts, an integral part and a decimal part. ‘The 
integral part is called the characteristic of the logarithm ; the 
decimal part is called the mantissa. The results of our 
observations may be summarized thus: 


NoumBer BETWEEN ConTAINs pa ie . 
1 and 10 1 integral digit ‘ 0 ; 

10 and 100 2 integral digits i sgt 

100 and 1000 3 integral digits °2 


Whence we formulate the law: The characteristic of the 
: _ logarithm of a number is one less than the number of digits 
‘ tn the integral part of the number. 
: On the other hand, we observe from the table of this 
article that if a number contain no integral digits, that is, 
7 if it be purely decimal, its logarithm is negative. The 

_ characteristic in this case can be got by counting the num. 
ber of zeros before the first significant figure, prefixing the 
‘ minus sign. It is usual, and better, however, except for 
" - special purposes, not to write the characteristic of the loga. 
_ rithm of a decimal number in the form just stated, for 
_ Teasons which will now be pointed out. 


4 
_ $1. The Mantissa. In the common system the mantissa 
of the logarithm of a number can be made to depend only 
“upon the sequence of digits in the number, and be inde 
5 pendent of the position of the decimal point. Let u: 
assume that we know the logarithm of 1.285 to be 0. 1089 

¢ te od follows, multiplying successively by ten, that . 


10° = 1.285, or  log1.285 = 0.1089. 
10% — 12.85, _ log 12.85 = 1.1089. 
102 — 128.5, log 128.5 =2.1089. 
10° — 1985, log 1285 =3.1089. 
10+ — 12850, log 12850 = 4.1089. 


‘III, §31] SOLUTION OF RIGHT TRIANGLES 33 


which verifies the law we have stated. If, however, we 
divide 10° successively by 10 we find 


10°11 — 10-8 — 1285, or log.1285 =~ 0.8911. 
10-1 — .01285, log .01285 = — 1.8911, 
10-28 — .001285, log .001285 = — 2.8911. 


This is the true form of the logarithm of a purely 
decimal number, and for certain purposes this is the form 
which must be used.* 

It is obvious from the preceding discussion that the 
mantissa corresponding to a given sequence of digits re- 
mains the same as long as the sequence contains one or 
more integral digits, but that as soon as the sequence is a 
purely decimal number the mantissa changes. To obviate 
this difficulty and to keep the mantissa the same for a given 
sequence of digits regardless of the position of the decimal 
point, we note that the number — 0.8911 may be written, 
without change of value, in the form 9.1089—10. We 
have added 10 and subtracted 10, and have therefore left 
the value unchanged. We may then say 


log .1285 = — 0.8911 = 9.1089 — 10, 


and if we agree to use the latter form+ we see that the 
mantissa of the logarithm of .1285 (that is, 1089) is the 
same as the mantissa of the logarithm of the sequence 1285 
when it contains integral digits. We may now write 


log 1.285 =0.1089 log 1285 = 9.1089 — 10 
log 12.85 = 1.1089 log .01285 = 8.1089 — 10 


and make the statement: Jn the common system the mantissa 
of a logarithm is unique for a given sequence of digits. The 


# For example, in dividing one logarithm by another. 

+ This form, 9.1089 — 10, is perfectly convenient as long as the opera- 
tions to be performed are addition and subtraction, which are the usual 
operations in dealing with logarithms. 

D 


wn 
oa 


Te a number be purely decimal, count the aectien spe and 


‘the zeros before the first significant figure. The result sub- 
tracted from 10 minus 10 will be the characteristic. — } 


* 32. Four Computation Theorems. The use of logarithms 
cea et es depends upon the four folonee theorems : 


ie via. Tn any system the logarithm of a product ts equal to the 
am Og of the at of its factors. 


log, m= x then at?=m 
log,n =y a= 
ea =z at=s. eS 


ee operation of addition. 


In any system ae logarithm ‘of a qvortenins is 8 equal to 


log, n = log, m — log, n 


log,m=2 then at=m 


log, n=y v=n, ¥/ 
a? : 
—{ = Qrv= =< ; . 
Gus n 
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or, by the definition of a logarithm, 


m 
log, —= a — y. 
n 


That is, 
log, * = log, m — log, n. 


This theorem replaces the operation of division by the. 
eeepler operation of subtraction. 


jane In any system the logarithm of a power of a number 
is equal to the exponent of the power times the logarithm of the 
number. 


To prove, log, m" = nlog,m 
Let log, m = or a* = m. 
Whence (a7)? =a" = in", 


or, by the definition of a logarithm, 
log, m” = nw. 
That is log, m" =n log, m 


This theorem replaces the operation of involution, or 
successive multiplications, by the simpler operation of a 
single multiplication. 


IV. In any system the logarithm of a root of a number is 
equal to the quotient of the logarithm of the number by the 


index of the root. 


To prove log, Vm = wat 
Let log, m= « or a@ = ™. 
Whence Va = ar=Vm, 


or, by the definition of a logarithm, 
log, Vm = = 


OF as i Ler SA ee i - ye 
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log, Vm = 8, 


‘This theorem replaces the operation of evolution, or 
- extraction of roots, by the simpler operation of division. 14 


of which no application is made in the study of | 


log, eae ee ca 
- log, a 
foeluet: log,m=a then b? =m 
log, a= 9 bY =a. 
“Whence m= be=(b")¥ =a’ | 
lem ee __ log, m . “J 
-y ~~ ilog,a 


ee logig 71-24 logy 71.24 _ 1.8527 
lo ett A tng 4 2a 
a logie logy) 2.718 0.4343 ban 


i 


log, m = ‘ : 
log, a y MP 


Special Properties of Logarithms. In addition to the 
pre eceding: theorems we may note the following properties 
of logarithms : ‘ 
vis n any system the teeta of 1 is 0. For, by oe 

tion of zero exponent, a° = 1. Therefore, log, 1=0, 
ay ee. the apart of the base is 1, ie 
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3. In any system whose base is greater than 1 the 


logarithm of 0 is —o. For, a>1, a= ln x aa 
az 


Therefore, log,0 =— 0. That is, the base of the system 
being greater than unity, the logarithm of a number which. 
becomes smaller than any assigned number however small, 
is negative and numerically greater than any assigned 
-number however great. 7 
4, The cologarithm of a number is the logarithm of the 
reciprocal of the number. 
Thus, the base being 10, 
* colog n = log | = log 1 —logn, 
or, e 
cologn = 0 — log n, 
which may be written, 
; colog n =(10 — 10) — log n. 
Therefore, to find the cologarithm of a number to the 
base 10 subtract the logarithm of the number from 10 — 10. 
It may be noted that 


log m —logm- * = log m + log += log m + colog n. 
n 


Therefore we may, instead of subtracting the logarithm of 
a number, add its cologarithm. It is found convenient to 
do so in most cases. 


34. The following example will illustrate the use of 
logarithms in making numerical computations. 


Example. 
Find the value of 
a bole x V— 424.65 
(6.73)4 x (.03194)8 
We note first that, with the definition of logarithms we 
have adopted, negative numbers have no logarithms. But 


wa 


C\ inet lace re Pie ee 2 AE Ge am ag a i 
ey ee a. 
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: the numerical result of operations of multiplication and 
_ division is the same no matter what the combination of 
Bh. algebraic signs. We therefore find the numerical value of 

any expression, treating all numbers as positive, and deter- 
mine the algebraic sign of the result by considering the 
operations indicated. Thus, in the above example the 
factors are all positive except ~/ — 424.65. Therefore, the 

-* number of which we are to extract the cube root is negative 
and the final result will be negative. : 


log .0005616 = 6.7494 — 10 
t log 424.65 = 0.3754 
4 colog 6.73 = 6.6880 — 10 
& colog .03194 = 1.2464 
3)5.0592 — 10 
log N = 8.3531 — 10 
, N = .02255. 
_ Therefore 
s/.0005616 x 1/ — 424. — 424.65 _ 


—.02255. 
(6.73)! x a 


7 __ Nore. The colog 6.73 = 9.1720 — 10, which being mul- 
* _ tiplied by four gives 36.6880 — 40; subtracting and add- 
, ‘ing 30 this becomes 6.6880 — 10, the desired form of “a 
number minus 10.” Similarly to divide 5.0592 — ~ 10 Nee 
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Therefore 


log b = log a + log cot A, log c = log a — log sin .A. 


log a = 2.0934 log a = 12.0934 — 10 
log cot A = 0.1997 log sin A = 9.7274 — 10 
log 6 = 2.2931 loge = 2.3660 

b = 196.4, c = 232.3. 


Example 2. Given a= 50, b= 60, C= 90°. 
As before, 


tan A = 5 , therefore log tan _.A = log a — log b. 


log a = 11.6990 — 10 
logb = 1.7782 
log tan A= 9.9208 — 10 
A = 39° 48’. 
Also 


or log c= loga — logsin A, 


c= e ’ 
sin A 
log a = 11.6990 — 10 
log sin A= 9.8063 — 10 
logc= 1.8927 
Sol 


It must be emphasized that results obtained by logarith- ; 
mic computation are approximate. The value of the loga- | _ 
rithm of a number cannot, in general, be found exactly, but 
only approximately to four, five, or any desired number of 
decimal places. The results of numerical computation by 
means of logarithms are not, in any case, correct beyond the 
number of decimal places in the logarithms used to make the 
computation. In the same way, the values of the trigono- 
metric functions being, in general, not exact but approxi- 
mate to four, five, or more decimal places, the solutions of eA 
triangles got by their use, with or without logarithms, are 
approximate solutions only, to the degree of accuracy of the 
tables used. 


2 


a cet in all but the are Setter in) pliec =. 
mathematics the results are necessarily approximate, the 
: data of a problem being themselves approximate. It is use- 
> less to try to make results “ more accurate ” by using tables — 
- of logarithms or other functions carried to seven places — 
ie - when the data are correct only to, say, three figures. In 
general if data are given to three figures, three-place tables 
Lm » should be used; if to seven figures, seven-place tables, etc. . 
a . On the other hand, no matter to how many figures the data 
y = may be given, if we are using, say, four-place tables, the data 
should be used and results found to four figures only. To ~ 
illustrate these points the following simple example will be — 
worked in four ways: 1. by actual multiplication; 2. by — 
using four-place tables; 3. by using five-place —— 4. by 
td seven-place tables. . 


MeOeesrple, Find the velucof 
123045 x 200368. 


log 123045 
123|0 = 5.0899 
log 200368 
200|4 = 5.3019 
log product = 10.3918 
Bree = 24,650,000,000 


dee 1230|45 = 5.09007 , 


_log 2003 |68 = 5.30183 


log product = 10.39190 
product = 24, 655 1000 ,000 


i h does not agree with the first result to the fifth figure. 
be noted that there was. an accumulation of errors ale 


aang <n < . 
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4, log 12304|5 = 5.0900640 

| log 20036 |8 = 5.3018284 

\ log product = 10.3918924 

: product.= 24,654,280,000 

which agrees with the first result to seven figures. — 


EXAMPLES 
What.is the value of : 


“1. 10!87.218, 2. log 1026204, 


3. Given log 2 = 0.3010, log3 = 0.4771, find log 12. 
4.. Prove.10!6¢+1 = 10 a. 
. 6. Islog14=log2-log 7? Why ? 
=; log 10-_ 10 
6. Is —2—- —=—? Why? 
: log3 38 _ 
log 10 10 : 
7. Is. =loe (a)? Why ? 
log8 ( 3 ) _ . 
Find the value of 
log .00865 _ 9 log 77.95 | 
" Jog’.05812 ' log .00684 
Find the-value of x in the following equations : 
10. login © =o. 12. log, © — 
11. logioz = 3. 13. log, x = 3. 


14. logipx - log, = logo x. 
15. a logio & — b logig & = a? — 6. 
16. log, 73 — log, 2? = 5. 

17. 4 logio x9 — login x3 = 4. 
Express as the logarithm of a fraction : 
18. log (a? — a®)2 — log (a2 — a?) — log (a + a). 
19. log Vz? + a? — log Va? + a? + log (a? + a), 
Solve the equations : 
20; e* +e" =2. 21. e—e7—0. 
22, ee) —Qer-141=0. 23. eXe-) + 2e-141=0. 
24. Given 107 = 400, prove that « = 2 + logio 4. 


25. Solve the equation 
are—% — h2e—bz = 0), (Assume a> bd) 


, : Find the value of a2e-27 — b2e~®* : 


aoe __ log a — log b. Mi ; aa 
jane? 26. When s == (a>b) a 
ie aio. whens = 2Ooe aa Te”. ae u (a>b) + ‘4 


Compute the values of the following : : . 
28. log, 1. 29. log, 2: 30. log, 8. 31. log, 4. 


ae means of logarithms compute the values of : _ 


. 7.01236. 33. V1.1198. 34. W— .002807. 
ee 36, 99-02. gy, (= 16.65) 
"Vitti 02983 ; | Vv oo 
88. +e 39. [log (,00915)]". 40. > aaeag" { 
me WAN 62.85 x VBI11.59. ag, (58.3)8 x V56.3 es 
“= 999.9 x .002008 V.08888 x 40.19 a 
. VG001)s. 44. (.01)%. 45. (0001) 
_ 2985.7 x 22.01 X11.79 yg (.0002635) + i. 
| VI 565.5 x — 66.66 (5862) Pats 
VOR 0088, ag, (88)? x (990)4 +, 
_ -V¥682 x .06302 V1000000 oo 
"EXAMPLES: SOLUTION OF RIGHT TRIANGLES - 4 mm P 
: lve ve the following right triangles, and find their areas : . 2 
how 24° 28, « 7% b= .2072, 13. b= 156.6, a 
“ea b= 02126. " @= 4212. c = 856.4. 
iF 2. B= 55° 45', 8. A= 82°6!, 14. B= 43° so", ; P 
eg = 4116. b = .089387. a = 66650. 
= 43° 30/, 9. a=.8478, 15. B=74° 17, 


a = 26185. c= 1.234, b= .0000203: 
. @=77.88, . 10. B=60°14', - 16. A= 29° 56, 42 


at ems ete E06, ~ © = 007745. 
Bb B= = 76° 34', 11, 4= 14°53’, et b 
‘ b = 2423. a= 1858. aA ee 
8 (As 67° 47, 12. B=39°22), 18 B= 
c= :00954, @=431¢9; : 
19. a= 85° 8!, 20. b= 3814, 4 
i. ee 3651. . 
va ae a 
. At 


| te 
<0 5, cf eee 
; a" meee eer 
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PROBLEMS 


21. A road rises 348.9 feet in a horizontal distance of one half 
mile, Another road rises the same height in~a distance of 3019 feet 
along the road. Which road is the steeper and by how much ? 


22. From a ship sailing due east at the rate of 7.6 miles per hour 
a headland bears due north at 10735 a.m. At 12.46 p.m. the headland 
bears 33° west of north. How far was the headland from the ship 
in each position ? ' 
23. At a distance of 502.3 feet, horizontally, from the center of a 
bridge the sidewalk rises at an angle of elevation of 5°. The roadway, 
beginning 203.5 feet farther away from the center, has an angle of 
elevation of 4° 25’. If a pedestrian and a team enter the bridge at 
the same moment, which will reach the center first, the man, walking 
5.4 miles per hour, or the team, going 5.6 miles per hour ? 
24. A flagpole 20 feet long stands on the corner of a building’ 


143.6 feet high. Find the angle subtended by the flagpole from a 
point 100 feet distant from the foot of the building in a horizontal 


line. 

25. If the radius of a circle is 835.4 feet, what is the length of the. 
chord which subtends an are of 45° 37! ? 

26. In a circle whose radius is 35.37 inches is inscribed a regular 
polygon of fifteen sides: Find the length of a side. 

27. A tree 214.8 feet high casts a shadow 167.4 feet long. How 
many degrees is the sun above the horizon? What is the time of 
day if the sun rose at six o’clock and will set at six o’clock ? 

[ Assume that the sun passes through the zenith. ] 


28. A gable roof is 23.4 feet high and 90.6 feet broad. By how 
much must the height be reduced to reduce the pitch of the roof 40 
per cent ? f 

Notr. The pitch of a roof is the angle between the slope of the 
roof and the horizontal line. 


29. From the top of a cliff 378.6 feet above the sea, the angles of 
ee of a boat and a buoy, in line with the observer, are found 
to be 29° 20’ and 11°50! respectively. Is the boat or the buoy farther 
from the base of the cliff? How much farther ? 

30. The point B is 1249 feet due east of the point A, and the point 
C is 376 feet due east of B. The angle of elevation of B above A is 
9° 13/ ; of C above B, 7°23/. A railroad runs from A to C via B, 
What is the increase in altitude from A to C? 


~~ 


o 


31. If, in Example 30, the railway could, by grading, be- ia 
run in’a straight line from A to C, what would be the angle 4 
tion of the new route ? 
32. How much shorter would the railway of = 31 be th 
_ the railway of Example. 30 ? 
33. Taking the earth as a sphere of radius 3956 miles, what is 1 
_ length of the radius of the Arctic Circle, latitude 66°32! N. ? 


34. Taking the earth as a sphere of radius 3956 miles, what is 1 
latitude of a place which is 2113 miles from the earth’s axis ?- 


_ 85. A vessel sailing due south at a uniform rate observes 
7.15 a.m. that a lighthouse bears 70° east of south. At 8.05 a.m. 1 
‘lighthouse is 12.75 miles due east from the ship. How far from 1 
ship, and in what direction, will the lighthouse be at 9.30 a.m.°? 


86. A ship sailing due south at a uniform rate observes, at 6a. 
a lighthouse 11.25 miles away, due east. At 6.30 a.m. the lightho 
bears 17°57! north of east. What will be the bearings of the lig 
house from the ship at 9 a.m.? How fast does the vessel sail ? 


37. Taking the Earth as a sphere with diameter 7912 miles, wha 
the distance of the farthest point on the Earth’s surface visible fr 
4 x the top of a mountain 8200 feet in height ? 


38. The towns B and C lie due east from the town A, B being, hi 
_ way,from A to C, which are 5 miles apart. The towns B, C, and 
are equally distant from each other. How far is D from A and 
f what direction ? ‘ ? 
89, A ray of light from a source, A, strikes a mirror, 102 
broad, at a point two thirds of the way from the edge. The ra; 
then reflected to H at a perpendicular distance 25.7 mm. from 
TSS mirror. Find the length of the path traveled by the ray. 


re f 40. From a window of a house, on a level with the bottom o 

___ Spire, the angle of elevation of the top of the spire was 41°. Fi 
__ anotlrer window, 20.5 feet directly above the former, the like ar 
was 37°31’. What was the height of the spire ? 


41. Having at a certain (unknown) distance measured the angk 

cS elevation of a cliff, a surveyor walked 60 yards on a level toward 
cliff. The angle of elevation from this second station was the ec 
a - plement of the former angle. The surveyor then walked 20 ya 
ba nearer the cliff, in the same line, and found the angle of elevat 
a from the third station to be double the first angle. How high » 
: ‘diy the cliff ? ce 


CHAPTER IV 
FUNDAMENTAL IDENTITIES 


6. In this chapter we shall discuss some of the impor- 
t relations of analytical trigonometry. The number of 
h relations is, of course, unlimited, but there are a few, 
frequent occurrence and of fundamental importance, 
m which the others depend ; it is this fundamental group 
h which we shall now deal. Let us first observe how 
need for some of the relations may arise. We have 
a (Art. 27) that as the angle increases from 0° the sine 
the angle also increases. But does the sine increase at 
same rate as the.angle, so that, for instance, if the 
le be made twice as large the sine also becomes twice 
large? This is obviously not so, for, as we have seen, 
sine of 60° is not twice the sine of 30°. What then 
the relations, if there be any such, by which we may 
| the functions of twice an angle when the functions of 
angle are given? or again, is there any relation con- 
ting the functions of the sum of two angles with the 
ctions of the angles separately ? Such questions as 
se we shall now proceed to answer. 


7. The Addition Formula. Let x and y be two acute 
les, whose sum may be an angle either in the first 
drant orin the second. Construct, Fig. 18, the angle 
P equal to x and add to it the angle POQ equal to y. 
n the angle XOQ is equal tox+y. From any point, 
n the terminal side of the combined angle «+ y draw 
perpendicular to the axis of # which is the initial side 
he angle a. Then OB, BA, and OA are respectively 
peal ordinate, and distance of the point A and we 
45 


7 & ae 
Bre. eile ee > 
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may write any function of the angle x+y. But as we 


_ wish to express the functions of x + y in terms of the func- 


tions of wand y, we proceed to draw lines which will give 
us those functions. Thus, from A draw AC perpendicular 


to the terminal side of the angle a, and from C draw CD: 


perpendicular to the axis of « and CE perpendicular to AB. 


Fig. 18. 


Then since AZ is perpendicular to OX and AC to OP, the 
angle EAC is equal to the angle a, each of the angles being 


acute. We now have 


me Tsai ao a eee 


But these last two ratios are not functions of any of the 
angles in the figure. To obtain a function of @ or y we. 
must use with DC either OD or OC, and with OA either 


OC or CA. Therefore we shall multiply and divide ee 


by the common line OC, Similarly with EA and OA we 


use CA. Thus we may write 


oe _DC 0C,EA CA 
Pae t  ta oa Gan On 
oa sin (% + y)= sin & cos y + cos # sin y. 


IV, § 38] FUNDAMENTAL IDENTITIES 47 


In the same way 


OB_OD— BD_OD_ EC 
C4 Od. 3047 OA 


OD* OC. EO  AC* 


0G OA AC OA’ 


cos («+ y)= 


or -4 
cos (2 + 7) = cos # cos y — sin @ sin y. 


38. The Addition Formule (continued). Again let # and y 
be two acute angles where 2 may be either greater or less 


Fie. 19. 


than y. Construct, Fig. 19, the angle XOP equal to a and. 
from it subtract the angle QOP equal to y. Then the angle 
XOQ is equal to x—y. From A, any point in the termi- 
nal side of the combined angle, draw AB perpendicular to 
the axis of x which is the initial side of the angle x, Then 
OB, BA, and OA are, respectively, the abscissa, ordinate 
and distance of A. From A draw AC perpendicular to the 
terminal side of the angle w, and from C draw CD perpen- 
dicular to the axis of wand CH perpendicular to BA pro- 


* Note that in a we use AC as the positive direction of the line, 


therefore AC must be positive in the ratio ae also, 


duced. Then since AE is perpauiiege’ to Ox and‘A to 
OP, the angle EAC is equal to the angle a, each being 


acute. We now have as in Art. 37, y 
* 


_DC OC_AE Ae) 
~0C OA AC OA’ ’ 


sin (2 — y)= sin 2 cos y — cos # sin y. 


Also | 
| OB_OD+DB_OD,CE 
Sear 2 GA. OA OA). eme 

_OD OC ,CE CA 


O00 OA OA Oa’ 


Ge : : ; % 
3 — cos («@ — y) = cos x cosy + sing sin y. 

; eo. 39. We have thus proved the formule 

ber sin (x + y) = sin xcosy + cos Xsin y, 


(10) 
; cos (x + y)'= cos x cosy F sin x sin y, (10) 


for values of @ and y less than 90°. It now remains to be 
re proved that these relations are true for all values of # and 
y. This may be done by a geometric construction as in the 
F _ eases given, but the following method is preferable. 


x 


if 40. Let x be an angle in the second quadrant and y ar 
gle in the third quadrant. Then we may put # = 90° + 
y = 180° + b, where a and 0 are acute. We may nov 


te Cr Ly 
cos (@ + y) = cos (90° + a + 180° + b) 

= cos (270° +a4+b) 

= sin (a + B). 


= sin a cos b + cos a sin b. 


a=— 90" + 2 and b= 180+ y 
‘ ’ sila fot a 
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- Therefore 


Cos (# + y) = sin (— 90°-+2) cos (— 180° + y) + cos (— 90° +a) 
sin (—180° + y) 


=(— cos x)(— cos y)+(sin x)(— sin y) — (Art. 19) 
cos (@ + y)= cos & cos y — sin a sin y 


which is the same as the relation of Art. 39. 

Again, let x be an angle in the first quadrant and y an 
angle in the third. We may put y= 180° + 0, where 0 is 
acute, and write 


sin (x — y)= sin (w — 180° + 0) vacate 
= sin (— 180° + «— 6) . 


= — sin (x — b) (Art. 19) : 
=— sinzcosb+ cos 2sin b. (Art. 39) 5 
Butb =— 180° +y, and therefore, 7 


sin (« — y)= — sin x cos(— 180° + y)+ cos # sin (— 180° ty) 


32.99% 


=— sin 2(— cos y)+ cos a(— sin y) (Art. 19). 


SSeS ee ae 


Thus it may be proved that the equations of Art. 39 arg. 
true for all values of # and y. 

The importance of these four relations, (10) of Art. 39; 
can hardly be over-emphasized. From them, together with: 
those given in Art. 12, may be derived all other trigono: Be 
metric identities. The method of so doing is shown in the-’ 
following eres: and is illustrated by. the following... ; 
sxxamples : or 


Heeirle | 1. Prove the relation 


sin ae + a) cos (45° — b)+ cos (45° + a) sin as - 2) 
/  =cos.(a — 6). 
B 


ont +0 yas 


is may write 
sin (45° + a) cos (45° — b)+ cos (45° + ar sin (45° —b)- 


et 


an re sin (45° +4 +a AB ee —%) = sin (90° + a — b)= cos (a — b). 


ad 


> 


. EXAMPLES 


. cos (45° ie 2) cos (45° + z)— sin (45° — z) sin (45° + 2) = 0. 
ot sin & cos (90° — x) — cos x sin (90° — %) = — cos 2. ie3 
- €08 (30° — 45°) — cos (30° + 45°) = sin45° ae 
Given sing = 3, cosy = {, find sin (a+ y). 
. Given cosz = }, cosy = }, find cos(#—y). — 


es eaenee 1 


cos (w+ y) m ae 
__ Sin & cos y ae Coby Ein 


bs Red tek ie sin asin y 


lad sin 2 Co SY cos x sin y 


cos peony COs @ COSY 
cos @ cosy _ sin # sin y* 
/ — cos # cos y COS 2 Cos y 


The y= tare tny 
LF tanxtany 


mela a similar manner may be proved ~§-.. ; 


SM ast @ + — cot cot y = 1” 
; ¢ = coty + cota * 


4a ra \ ; 
‘. kdb ae ae ee s 
See es) ee Se pee 
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EXAMPLES - 
Prove that : 4 
“1. tan (45° + 2) = ite = 

—tana 


tan (45° + 2) tan (135° +2)+1=0. 

tan (45° + x) tan (45° — z)=1. 

. Given tana = 2, tan b = 4, find tan (a + b). 
. Given sina = }, cos b = 4, find tan (a — b). 
Given sec a = 8, csc b = 4, find tan (a + b). 
. Given tana =3, tanb= 4, finda+ 0b. 

. Given sin a = $3, cos b = 4, find tan (a + B). 


OM WHT PH wD 


. Given sina = 3, sinb = 4, finda+ Db. 


Prove the following identities. 
10. Sin(a@+y) _ cote + coty 
cos (@—y) 1+ cotecoty 


41, tanz—tan(e@—-y Y) = tan y. 


1 + tang tan (e&— y) 


42. Functions of the Double Angle. The equations of 


Arts. 39 and 41 being true for all values of x and y, let us 


assume that y=. Substituting » for y in the functions of 
the sum of two angles we obtain 


sin 2x = 2 sin x cos x (13) 
cos 2.x = cos? x — sin? x. (14) 
2tanx 
PIS of gear elo 15 
2 * 1 tan? x e?) 
pune 2 cot a od 


43. The student should clearly understand that the equa- 
tions of Art. 42 give the values of functions of twice an 
angle in terms of functions of the angle, no matter what 
the value or form of the angle may be. For example, the — 
following relations are all true, being merely the equations 
of Art. 42 changed slightly in form. 
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et a ; 
2 sin = cos Spates 


2 
cos 3 = cos? sed sin? vo 
2tan (a +) 
tan (2+ 8)= 


1 tant («+ 8) 


44. Functions of the Half-angle. We may write the two 
proved relations 


sin? a + cos?a=1 and cos2”= cos?a — sin?a 


in the form cos2 eo sin2 5a 1 


cos? ae sin? 5 cos @. 


Subtracting and adding these, we have 


2 sin? 57 1 — cosx. 
(17) 
2cos? 5 =1 + cos x. 


Dividing the last two equations one by the other we 
obtain 
tan? *— 1 —cosx 


2 1+ cosx + cos x’ 
(18 

cot? = — L+c0s #, 

1 — cosx 


Thus we have equations which give the sine, cosine, tangent 
and cotangent of one half an angle in terms of the cosine o: 
that angle. 
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EXAMPLES 
Given sin @ = 1, find 
1. sin 20. 3. tan29@. 5. cos 5: 
2. cos2 6. 4. sin 2. 6. tan 2. 
2 2 
Prove the following identities. 
7. costx — sintx = cos2a. 
8. (sine + cosz)?=1-+4 sin2¢. 
) fenie = Se 12 tan®—_Sing 
: 1 + cos2a 2 1+ cose 
ipa oo SS. ot, £082 © tan (40 e), 
2 2 sec x 1+sin2¢ 
Tt) fan @ Eee, 14. 2cos? © —1+secr, 
2 sin © 2 sec 


15. tan (45° + z) + tan (45° — @) = 2sec2a, 


45. Sum of Sines or Cosines. By addition and subtraction 
of the two equations 


sin (# + y)= sin 2 cos y + cos@sin y, 


sin (2 — y)= sin x cos y — cosa sin y, 
we obtain 
sin (2 + y)+ sin (a — y)= 2sinxcosy, 


sin (@ + y)— sin (@ — y)= 2 coszsiny. 


If now we leizx+y=a,x—y=B8, so that r=1(a + £) 
and y = 4(a— 8), we obtain from the last two identities 


sina + sinB = Qsin3 (a + B) cos$ (a — B), 


(a9) 
sina — sin B = 2cos}(a + B) sin} (a — B). 
Proceeding in the same way with the equations 
cos (@ + y)= cos x Cosy F Sin @& sin y,. 
we obtain two more equations of importance 
ar cos a + cos B = 2 cos 3 (a ae B) cos (a — B), 


(20) 
cosa —cosB =—2sins(a+)sing(a—f). 


EXAMPLES 
Pros each of the following as the algebraic sum of sines 
~ cosines. a 


_ * 4, sin 62 cos2 2. ; 4, ants tan) cos (&—y).° 
ea Set 2. cos4asin2 5. sin (30° + 2) sin (30°— 2). 
x 3a 


£3; poe sin ce 6. cos3a cos (£— y). 


7. cos (30° — x) cos (60° — z) =} (2sin22 + v3). 
8. cos3asin22—cos4zsinz = cos2a sina. 
sin z cos (x + y) — cos@ sin (« — y) = cos2zsiny. 


46. Identities and Equations. It should be borne in mind 
~ that all of the equations of this chapter are identities, that 
is, they are true no matter what values the angles may 
have. We shall deal later on, in Chapter VII, with trigo- 
netrie equations of condition, where we shall find that 


involved will satisfy the equations. Also, in connection 
_ with this chapter attention should be again called to the 
> group of fundamental sp arbannand: in Art. 12, 


Te ILLUSTRATIVE EXAMPLES 
% etramhle 1, Prove SAG sec2a=1+ tana tan22, 


A 
Sr ae 1 — cose _ seca 


cos2@ costa—sinta {T—tan%e 1— tan 
ny 1 + tan’? x ar 2 tan? a 
Si anton: 1 — tan’ x on 

2 tan x 
aa ee Baan ced rs 
‘ 1 ats, © 
- By the above method we om with sec 2 ¢ and deduce: 


or derive the required result. Another method of pro 
Li ap is as follows: 2 


a as ee es i) 
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Assume hak 
sec2x=1+4 tanz tan22. 


Then sec 2 = 142 ania 
1 — tan2a 

ee + tan? x 

1 — tan? x 


__ cos? w + sin? & 
cos? w — sin? 


gee 
cos 2 a 


= sec 2 a. 


Therefore, the original assumption is correct. ' 


Example 2. Prove that esc2 a= 1 sec @ ese a. 
First method. 
pe ones 
- gsin2a@ 2sinacosa. 2 


Second method. Take the reciprocals of both members. 


sin 2” = 2 sin @ cosa. 


EXAMPLES 


Without the use of tables find the following : 

1. Sine and cosine of 15°. 3? Tangent of 15°. 

2. Sine and cosine of 22°30/. 4. Tangent of 22° 380’. 

5. Find the value of sin 32 in terms of sin z. 

_ 6. Find the value of cos 3 @ in terms of cos a. 

7. Find the value of tan 3 @ in terms of tan @. 

8. Find the value of tan 4 in terms of tan a. 

9. Find the value of sin 4 z in terms of functions of a. 
10. Find the value of cos 4x in terms of functions of g. 
11. Given sin4 =a, cos4a=), find sin 8% and cos8¢g. 
12. Given tan3 x = a, find tan6 a. 


od 
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i _ Prove the following identities. a Fe 
f 7 =ls. sin (90° + «+ y) = cosa cosy — sinz sin y. 
> A : b a : b “3 
14. ® cos 2 + cos 2 sin 2= sin} (a + b). 
* ain) ot 23 3 ( + b) 
cos 6@ = 1— 2 sin?3 a. 
sinda+sin2a_ 3—tan’a 
‘ sinda—sin2a 1—3tanta 
1 at sec? 6 
1 + cos? 0 tan? @ +2 
. sin? x cos? x = 1a sie, -— 
. cos5% cos2a = 1 (cos7x%+ cos8 2). : ; 
. sec?a ese? z = sec? @ + csc? a. ; “ 
_ sinde+sinde _ = 2cosz. . - 
sin 42 >a ee 
cos 42 sing = } (sin5ae—sin3z). ' 
_ sinds + 2sin3e + sin2e_4 not 
sin 3 x 2 


. sing = —__—~____, 
cotix + tandaz 


cote — tana 


at. sin (t + 2y) —sin (@—2y) _ = 4 cosz cosy. 


sin y 


een te i ence aan 


, tanges= 


é tant? +2 cot © ANE ie 


. tan?” — Qesca tan®4+1=0. 
LS ye 6 alae ey tae th 
1— tan? x Ras, ah, 
“1+ tan?a” : ‘ yh 
te Te esc @ — cota, | . re 


cos 24 = 


88, pan See cot a. ‘ x SE oe 


y / / 
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34. 
35. 


36. 


37. 
38. 


ts eye! + sin — COs © 
2 1+sing+4+ cosz 


2 ° 
Sec? (@ + 45°) _ sec 2. 


2 tan (# + 45°) 


cos % — cos38 x 


- ——.= tan2 2. 
sin 382 — sing ; 


sin x (1 + fanz) + cosa (1 + cotz) = seca + csc. 


cot — cot2z= csc2z. 
39 1+sin2z_cosz+sinz 
cos 2a cos@-— sing 
40. sing cos?z — cosz sin? xz = sin 4x 
. Vs VT 
41. Given sing =" — ©" find the value of cos a. 
V1 
42. Given 7? = a?sin 26, 
Prove 2 2 : 
r2cosé+ a CEs. Gopue Cane 6: 
a? cos 2 8 cos 6 — r? sin 6 
43. Given r = asec? ; 4 
Prove r cos 6 + asec? g tan 8 sin 6 
aa ae ae ee 2 = — cot Le 
asec? tan? cos @ — r sin @ 
2 2 
44. Given r=a(1—cos6), 
Prove roos@+asin?@ _ 1,,38 
asin @ cos 6 — rsin@ 2 


Prove the following identities. 


45. 


46. 


47. 
48. 


49. 


cos 3a, sin3 % _ 9 gotaz. 
sin & cos © 


1 + cos2a cos2y = 2 (sin?asin2y + cos?x cos?y). 


in2 Dopnes 2 7 sin? 
sin? x cos? y - DOE eeu Y — tan (2+) tan (a — y). 
cos? a cos? y — sin? @ sin? y ‘ 


sin’ 2 — cos? _4 4 4sin2a. 
sin ® — cos x@ 


cos 26+ cos G+: aang 
sin 2 6+ sing 
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(sec 26 + 1) Vsec?@— 1= tan2@. 
cos @ + sin 0 6 NESS Tt 2 6: 


cosé—sin@ cosé@+siné@ 


tan 2 6 — sec @ sin 6 = tan @sec 2 @. 


1— cosa + cosy — cos (+ y) _ tan}z 


1+ cost—cosy—cos(z+y) tan}y 


. Given z =— 8 cos? @sin@) Prove that 
y= 3sin?@cos@ 2Ve2 + y? = 8sin2 6. 
Given z = acos 6 — rsin@, y 2sin26 
y=asin0+rcosé, °  dcosd0. 


r2=2c0s20, - ~~‘ Prove, 274+ y2 = 2sec 26, 


CHAPTER V 


THE CIRCULAR OR RADIAN MEASURE OF AN ANGLE. 
INVERSE TRIGONOMETRIC FUNCTIONS . 


47. Circular or Radian Measure of an Angle. Any con- 
venient unit may be chosen for the measurement of angles. 
We have hitherto used the degree, subdivided into minutes: 
and seconds, as the unit,* but we shall now introduce 
another unit called the radian, the unit angle in the cireular. 
measure of angles. 

The radian is an angle at the centre of a circle whose sub- 
tending arc is pis bars to the radius of the circle. 


Fia. 20. 


_It is obvious that the radian is a constant angle, is the 
same in all.circles, since the ratio of the circumference of a 
circle to its radius is constant. 

In Fig. 20 let the angle AOB be a radian, that is, The ‘the 
arc AB be equal to OA, the radius of the circle. Also let 
the angle AOC be an angle to be measured in radians. To 
méasure a quantity is to find its ratio to another quantity 
of the same kind chosen as the unit. Therefore, 


* It may be noted that the right angle is used asa unit in the study of 
yeometry, partly because it is an angle easily constructed. 
59 
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rae dll A 
Circular measure wi _ AO radians. > 


AOB 

AOC _arcAC_ arc AC . 
AOB arc AB radius OA 

Therefore, to measure an angle in circular measure, or in 
other words to express the angle in radians, find the ratio 
= of the arc subtending the angle in any circle to the radius of 
the circle. 
- ___ If we represent the angle, measured in radians, by 2, the 
_ length of the arc subtending the angle by s, and the radius 


But 


ae? 


of the circle by r, we have the relation w=". This is an 
. equation involving three quantities. If any two 
of the quantities are known the third can be found. Thus 


ss 


s s 
x=-, S=7r%Xx, rT=-: 
§ x 


* 


Example 1. What is the radius of a circle in which an 
_ are of 12 inches subtends an angle of 1} radians? 
4 s_ 12 


a 
\ r= -=—=8 inches. 
; a 1} 


& 


Example 2. If the radius of a cir¢le is 15 feet what 
i length of arc subtends an angle of two-thirds of a radian? 


ee? s=15 x 2= 10 feet. 
a ee 

_ We know that the ratio of a semicircumference to its 
dius is r= 3.1416. It follows, therefore, that the angle 


ch is sometimes called a straight angle, and which 
expressed as 180°, may also be expressed as + radians. 


m radians = 180° 


1 radian = oo ee 4g 296°, approximately. 
Tv 


, NG Also © 180° = 7 ee 
: 1° = ians. 
fae 180- radian os 
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By means of these two relations we can readily reduce a 
given angle from either system of measurement to th 
other. lag 


Example 1. Express the angle 7 radians * in degrees. 


a =180°. Therefore, 
180° 1260° 


4 — 180, C= XK = 400.087 
: T 


T T 


Example 2. Express the angle an in degrees. 


Qa 


: 2 ee ° ° 
Since 7 = 180°, er ame == 120°; 


Example 3. Express the angle 110° 32’ 30" in circular 


measure. 110° 82! 30" = 11038° = 2§83°, 
pinte 180°= 7, therefore, 
on _7 —-2053°_ oe | 2653 _ 2658 x 
\ 180’ 24 180 24 4890 


An angle in circular measure is usually expressed as a 
multiple of z. 


EXAMPLES 
Express the following angles in degrees. 
1. 6.5 radians. 3. = 5. a 
27 53 
_— : fies 
2 5 4, 3.8 radians. 8 


Express the following angles in circular measure. 
Neuez LOR, 9. 25° 16/. 11. 208° 30’. ~ 
8. 13° 24, 10. — 450°. 12. — 98°. 

13. What is the ratio of a radian to a right angle ? 


Tv 


* The name radian is often omitted. An angle written e and read 


‘pi over three,” means “ pi over three” radians, or about 1.05 radians. ~ 


gs are 


es Cites srooNoME sm Pi 
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Pg cor: 15. 5 ir. : 16. ape . 17. 8 ralisnaa 


18. Through how many radians do the minute and hour hands of 
a clock ‘turn in 80 minutes ? 


19, Through how many radians does the minute hand of a clock 
turn in 35 minutes ? 


20. - Through how many radians does the hour hand of a clock turn 
in 18 minutes? © 


«21. ~The front wheel of a cart is 2 feet in diameter, the hind wheel 
Le 8 feet. Through how. many radians will the hind wheel turn while 
the front wheel is turning through 600° ? 


oO We 22.. Through — how many radians does the earth revolve about its 
axis in a week ? Is the result the same in 45° north latitude as at the 
equator ? 


- ‘23. A wheel turns 50 revolutions per minute. Goes its angular 
___- velocity in radians per second. 


» 24. A wheel has an angular velocity of 20 radians per second. 
Pe ~ How many revolutions does it make per minute ? 


25. .Through how many miles will a point on the equator of the 
Garth travel as the earth turns through 1} radians? , 


| 6. Through how many miles will a point at 45° north latitude 
travel as the earth turns through one radian ? ~ 


QT. The radius of a graduated quadrant is 2 feet, and the grad- 
‘uations are 5! apart. What is the distance between successive 
graduations ? 


2 oe 28, What must be the radius of a graduated quadrant if the dis 
- tance between graduations 5! apart is to be yy inch ? 


ine 48, Inverse Trigonometric unehode Tet: us suppose that 
_y is the sine of the angle 2 We express this briefly in 
me mathematical symbols as y=sina, Suppose now that we 
wish: to make the inverse statement that # is the angle 
; whose sine is y. To express this in mathematical symbols 
we write «= sin" y, where, it must be noted, the minus 
unity is not an exponent. Having expressed our idea in 
_ Symbols we next note that « depends upon y for its value, 
ay _is'a function of y, and we name the function the anti-sine or 
inverse sine. _ Similarly a = tan-!d means that ais the angle 
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whose tangent is b, and we say that a is the anti-tangent of 
b. In this way we have a group of six inverse trigonomet- 
ric functions, 

sin: Zs, tan“ x, sec’ x, 

cos? x, cot "1x, cect x 


These six quantities, it must be remembered, are angles 


“49. General Value of an 1 Angle. Identities connecting the 
various inverse trigonometric functions exist’ and may be 
derived or proved by methods analogous to those of Chapter 
IV. Before taking them up, however, one important dif- 


Fig. 21. 


fereuce between the direct and the inverse trigonometric 
functions must be noted. 

If y=sina, and if we give x a particular value, say 380°, 
then yy will have one and only one value, one-half. On the 
other hand, if a = sin y and if we give y a particular value, - 
say 1, then x does not have one value only but an infinite © 
number of values, 30°, 150°, 390°, — 210° etc. This_ being, 
so it is well to get an expression that will represent all the 
angles which have a given value of the sine, cosine, etc. 

Let. sinza=+a, a being a positive number, or ¢=. 
sin-(+ a) and let « be the smallest angle * which has for. 


.. *Phat-is, a if we use, positive angles. only; a’ if ymin be angles. also 
are used. Either method may be adopted. ‘ 
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its sine the value +a. By Fig. 21 we see that the possible 
values of x are 


a, r—a, 2r+4, 37 — 4, 4nr+a,-*, 
—Tw—G, —27r+4, —3r—-—4@, —4r+a,-, 


which may be written in the general form 


x=sin!a=nt+(—l1)*a (21) 


where n is any positive or negative integer, including zero, 
and a@ is the least angle whose sine isa. This is called the 
general value of the angle and « is called the principal value. 

Since the cosecant is the reciprocal of the sine we may 
write 


x= csc'a=nt + (—1)"a. (22) 


Fie. 22. 


Let cose#=+a or x= cos"(+ a) and let « be the least 
angle whose cosine is +a. By Fig. 22 we see that possible 
values of x are 

a, 2r+a, 4at @, , 


or, in the general form 


! 


x=costa=2nTia (23), 


where n is any positive or negative integer, including zero, 
and « is the least angle whose cosine is a. 


vi 
Since see 2 = we may write for the general value, « 


SA 
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being the principal value, 


x=sec'a=2nT+A4. (24) 


Let tang =+a or «= tan"(+a), and let « be the least 
angle whose tangent is +a. By Fig. 23 we see that pos- 


Fie. 23. 


sible values of a are 
a «wea, 2r+a, Sata, ry 
—jr+o, —2r+a, —3r+H,+, 
or, for the general value, 
x=tan'q=ntT+a (25) 


where n is any positive or negative integer, including zero, 


and « is the principal value. 
Giving n and « the same meaning we may write, since 


cee con tan x” x=cot'a=ntT+a. (26) 

One need not make use of the formule, 21-26, but may 
proceed as follows: Find the two smallest angles, positive or 
negative, which correspond to the given value of the func- 
tion. If we call these angles « and @ then the complete 
series of angles will be given by 


2nr+a and 2nt + B. 


Ja = 
- Eas ole 1. Write the general value of ‘cork i 
_ From the tables of trigonometric functions we find «= 
. oe Therefore a 


Z . ; re 23 3 
ah  #= cos .9205 =2 nmr + 23° =2nw + Ta 


a Example 2. Write the general value of sin es We” 
i _ know «= 90° = =5 Therefore ? Bs 
: 


oo sin 1 = nr +(— SN ie 


_ Example 3. Prove the identity 


2 sina = sin (2aVv1 — hes 


2a =sin (2 sinaV1 — sin’z), 


oO 
wD 
| ie 
i=} 
ier 
= al 
@ 
Lear) 
°o 
eB 
i] 
— 
2 
co 
° 
a 
@ 
ao) 
Lor] 
° 
< 
fa) 
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a> 
oO 
| — 
< 
@ 
- a ——_~' 


sin 2@=2sinaV1— sin? 2 = 2 sin2 cosa, 

és Q. E.D ~ 
Or, we may proceed as follows: Z 

Be o We know sin 2 2 = 2sin #cos 2, which may be written 

cS a . 

ek. 4 ae 2 a = sin“\(2 sin x cos 2), a 


on Let sin a= 2, sina = a and substitute : : ; af 
Kee 
‘3 i 2 sina = sin? (2avVi — a). Q.E.D. 


be "Example 4, Find the principal value of tan? 4 + tan“ 4. 
note that this is the sum of two angles each given by 
value of its tangent. We therefore write, formula (41), 


ae z or tan (tan }) + tan(tan™"}) 
ee “tan 1 mele Sek ask pay NE Te “tan (tan on 


_tt+ 
it 


1 
sla a a 
sy) eae 1 ny T erat 
wit . ‘Therefor, tan "gt tants = tan” Eom 


3 
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EXAMPLES 
Write the general values of the following angles: 
1. sini. 3. tan-l(— 1). 5. seo-t( — Se): the sin-t(— X38). 
v3 2 
2. cos10, 4. cott 6. esc! V2, 8. cot-! (— v3). 
3. 


Find the value of 
_ 9. sin (sin-! a). 11. tan (tan! y). 13. 2 cos (cos=! .528). 
10. cos! (cos@). 12. sec! (sec30°). 14. cot (cot-!2.718). 
15. sin“! (cos 35°). 2 
sae ) 18. cos (tan + seer! 7) 


19. tan (sin-!1 + cos! 4). 


17. sin (sin- a + cos-1_L ): 20. cot{tan-1 V3 + tani). 
2 v2 V3 


16. tan-1 (cot 40°). 


21. Prove that «= sec“! V1 + tan? qa. 
22. Prove that tanty=sec!Vi+y2 ' 


Prove the following : 
23. tan-1(V2 + 1) — tan-1 (— V2 — 1) = 13865°. 


24. tan-1 V3 — tan-t( — -) = tan“! (— 8vV3). 


25. tan-!4— tan-! (— 1)=tan7! 2. 
b? — a? 


-26. tan-1! CPY 2 tan-1! Maas tan-1 
b b-a 


a 
_ Fas §2 
27. + A) haa ea es b = tan-1 20V@ 62 
y Vat — b2 Wa be a? — 2 2 
-1 eg — tan-1 a=E 
28. tan ( i) an e ; 
=, 20Va?— Bg oD. j 
29. tan SO aeae Og cay tacit 4 


~wtvi-#v#vi-y 
yV1—#—avi-¥ 


31. sec-! a — esc! y = cos-! Va? — 1+ Vy = 1. 
ay 


30. sin-1z + cos-ly = tan 


CHAPTER VI 
THE SOLUTION OF GENERAL TRIANGLES 


50. Four Cases. — As in the case of right triangles the 
solution of any triangle means the finding of the values of 
unknown parts from the parts that are known. Of the six 
parts (three angles and three sides) there must be given 
three, one of which at least is a side, in order that the tri- 
angle may be solved. Consider any triangle, Fig. 24. 


Cc 


Fig. 24. 


The following cases may be enumerated : 
I. Given a side and two angles; say, a, A, B. 


IL. Given two sides and the angle opposite one of them ; 
say, a, b, A. 


III. Given two sides and the included angle; say, a, b, C. 
IV. Given the three sides; a, b, c. 


51. The Law of Sines. — Cases I and II may be solved by | 
means of the following theorem. 


In any triangle the sides are proportional to the sines of the 
opposite angles. That is, Fig. 25, 


a:b:c=sin A: sin B: sinC. (27) 
68 
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Cc 


or---------=70 


Fig. 25. 


Proof: In the triangle BAC draw CD perpendicular to 
BA. Then 


, DC _DC DC DC 
{= => ——— = — => — » 
sin oe ; and sin B= BO a 
Therefore 
DC=b6bsin A=asin B. 
Whence 


a:b=sin A: sin B. 


Similarly the theorem may be proved for the other pairs 
of sides and angles. 


52. Case I. Given a side and two angles ; a, A, C. 
To find the third angle we have 

B=180° —(A+C). 
To find B and C we have 


Belessing in each case that tenon: from (27), which in- 
volves an unknowiside, b or c, and three known parts. 


From these two proportions we have 
log b = log a + log sin B + colog sin A 
log¢c = log a + log sin C + colog sin A 


; _ Example. Cee a= “12. G ae 50° 38', C = 
B = 180° — 119° 51' = 60° 9’. 


log a = 2.6157 log a = 2.6157 

log sin B = 9.9382 log sin C'= 9.9708 

: colog sin A = 0.1118 colog sin A = 0.1118 

jor log b = 2.6657 log c = 2.6983 
: b = 463.1 c = 499.2 


53. Case II. Given two sides and the angle opposite one of 
“then a, b, A. = 


see We have, to find B, 


C = 180° — (A + B). 


log c = log a + log sin C + colog sin A. 
Given a= 31.24, b=49, A= 32° 18', find 


log sin A = 9.7278 
log 6 = 1.6902 
colog a = 8.5053 
log sin B = 9.9233 
B = 56° 56' 


7 


ut since B is found from the log sine it may have two 
Z, a Saath 56° 56' and 180° — 56° 56' = 123° 4’. a 


Re 2 aN thas given isides then it may be poseils £6 constant ne, 
tt two triangles feovm the given parts, two sides oy aa 
% co. i : : 2 
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site angle. In the above example the given angle A is acute 
and its opposite side a is less than } ; there are two solutions 
and both values of B must be used. Figure 26 explains the 

case graphically. . 


a=31.24 


A=32°18" Bi=56°56" A=32°18_B=123°4" 
Fie, 26. 


Consequently there are two values of C, namely, 


Oa 180" (4 4-B) 0, 2 = 4B) 
= 90" 46' = 24° 38' 
and two values of c, got as follows: 
log a = 1.4947 log a = 1.4947 
log sin C, = 0.0000 log sin C, = 9.6199 
colog sin A = 0.2722 colog sin A = 0.2722 
log c, = 1.7669 log c, = 1.3868 
Cy => 58.46 Cy = 24.37 


If the given angle be obtuse there will be only one solu- 
tion. If the given angle, A, be acute and the side a be 
greater than the side b, there will be one solution only. If 
A be acute and a be equal to the perpendicular from C to 
AB, there will be only one solution, a right triangle. In 
this case B = 90° and log sin B= 0.0000. If, A being acute, 
a be less than the perpendicular from C to AB, there is no 
solution. In this case log sin B will be greater than zero, 
which is impossible since sin B cannot be greater than unity. 


54. Case III may be solved by means of the theorem 
following : . : 
In any triangle the sum of two sides is to their difference as 
the tangent of half the sum of the angles opposite the two sides 
is to the tangent of half their difference. 


hat = 
42 


| Proof: By Art. st 


rie 6 =sin A: sin B. 


1 Whence, by composition and division, 


a+6_sinA+snB_ sin + (A + B) cos } (A— B) 


a—b sinA—sinB cos}(A+ B)sin}(A— nae 


a—b ~ tand(A— By 


55. Case III.* Given two sides and the included angle; 
be, AS > 


_ By Art. 54 we have Me ve 


~ feral. Gre L bose - 
Brecsay tang(B+C) bt+e Be 

mc) ‘The sides 6 and c are known, and also “ 
a }(B+ C)=4(180° — 4)=90°- 4.4, 
‘since A+ B+ C=180°. it 


a 
‘Therefore we may write 


tan }(B— C)= 9 —* . 


tan +(B+ C), 


1 lo vga $ (B—(C)=log (b- —c)+colog (6+ c¢) +log tan }(B+ C). ‘ 


Thus - 4(B-— 0) is found, and by finding the sum and dif. | 
ence of }(B + C) and 3(B—C) the values of B and @ 
known. Finally, to determine a we Bare, & as in Case I : 


‘al =i 


ei 
Given 6 = 06239, c = .02348, A= 110° 525 


a: b= sin. A; sin B. 
Example. 
find 3B, O, a. | 
B+ C)= 90° — 4A= 90° — BB 16' = 34° 44'. oe is 
—b+c=.08587 = bb —c = 03891. ig ‘ 
* See also Art. 61 following. tak 
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Whence we have Z 
log (6 — c)= 8.5900 


colog (6 + c)= 1.0661 

log tan 4(B + C)= 9.8409 
log tan 4(B — C)= 9.4970 
4(B— C)= 17° 26’. 


And as - 4(B + C)= 34° 44! 
We have B= 52° 10’ C= 47° 187; 
Then log 6 = 8.7951 


log sin A = 9.9715 
colog sin B = 0.1025 
log a = 8.8691 

a = .07398 


56. The Law of Cosines. Case IV may be solved by means 
of the following theorem : 

In a triangle the square of any side is equal to the sum of 
the squares of the other two sides minus twice the product of 
those sides by the cosine of their included angle. 


t 
1 
1 
‘ 
' 
i 
1 
1 
t 
D 


A c D B 


That is, Fig. 27, where CD is perpendicular to AB, 
a? = b? + c2? — 2 bc cos A. 
We have proved the geometrical theorem 
v= b+c— 2c-AD.* | 
« But cos A= AP, or AD= bcos A, 


* Note that in the first two triangles of Fig. 27, AD, the projection of }, 
is read left to right and is positive; in the third triangle from right to left 


and is negative. 


“a : 


_ Therefore, Ghee = 5? i e— 2. be cos A. 


~ Obviously 4+ e—a 


cos A= 


= 2 be 
Bes ie in the same way 
_ _ 72 2 te, : 
cos B= St cos oacteae a 
“i ae ; a 
pee +80 that the three angles may be found. 2 


57. The objection to the formule of Art. 56 is that they 
are not adapted to logarithmic computation. To remove 
this objection we proceed as follows: From (29) we bis 


Pai 


> 


Veena 
1 ee cet 
mAs be | 
Se Scere | c 
. 2be : r 
oh by (17), Art. 44, . 
ays 
he ; a—b+c)\(a+b—c a 
4 pit fA =  2be 
Tet a+b+c=2s. : 
Then a DH om 2e—1), a HD c= AEG), 
we bx any 
> - ars \ : Pad v 
ais beds ee | 


2 be ‘i = 


sin re = (s — b)(s — ¢) 25 as at c) 
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58. Again, from (29), Art. 56, we have 
P+ce?—a_(b+c)?—a@ 
es eigae 


ea Our er 
2 be 


1+ cos'4 =1 + 


or, by (17), Art. 44, 


Deere a area Os © =) 
4 : 
2 be 


As before, letting a+b+c¢c=2:s, this becomes 


Pita ta en 
2 2 be : 
or 
cos iA _ =a =e (31) 
Similarly 


cos pBa—, eos $= yO— 9. 
" a 


59. These formule also may be used for logarithmic 
computation, but a more convenient. set is obtained by 
dividing the formule of Art. 57 by those of Art. 58. We 
- thus obtain 


; tanj day SS ME— (32) 
(s — c)(s —a) (s— a)(s — 6) 
en coo CC 


A comparison of these three sets of formule (30), (31), 
(32), will show that for the complete solution of a triangle 
when the three sides are given, the first set (30), requires 
six different logarithms, the second set seven, the third set 
four. In addition to this slight advantage the tangent set, 
(32), gives more accurate results than the other two when 
the angles involved happen to be very small or very near 

ninety degrees, 


ra 


} Fl 


o 
Eee “PRIG OD 


60. Case IV. We will now solve a ‘eae att 
three sides are known. 
en 4 
-. Example. Givena=10, 6=12, ¢= 14; find A, B, 
ns q Here 2s =a+b+c= 386, so that we have = 
[ . s= 15, log s = 1.2553, colog s = 8. TAAT — 10. 
 s—a= 8, log (s — a) = 0.9031, colog (s — a) = 9.0969 — 10. 


 -s—b= 6, log (s — b} = 0.7782, colog (s — b) = 9.2218 — 10. 
s—c= 4, log (s— c) = 0.6021, colog (s — c= = 9.3979 — 10. 


ie 


4 
log (s —b) = 0.7782 log (s — -¢) = 0.6021 
— log (s—e¢)= 0.6021 log (s—a)= 0.9031 
rey cologs= 8.7447 cologs= 8.7447 
os eolog (s — a) = 9.0969 colog (s — 6) = 9.2218 2218 
al 2)19.2219 2)19.4717 

log tan} A = 9.6110, log tan LB B= 9.7359, 

1A = 22° 13/,  £B=28°34, 


A 44° 26’, B=5T° 8, 
log (s —a) = 0.9081 
_ log (s—b) = 0.7782 
cologs= 8.7447 
colog (s —c) = 9.3979 


2)19.8239 


log tan } C= 9.9120, 7 

4C=39°14', e < 
“ae O = 78° 28), A 
| Curck: A+B+C=180° 2’. . 
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_ In using this method log r is first found, whence the log- 
_ tangents of the three half-angles are readily obtained. 


61. Case III; Other Methods of Solution. The formule 
of Art. 56 may sometimes be used to advantage in solving 
Case III. 


Example (see Art. 55). Given 6 = .06239, c = .02348, 
A= 110° 32', to solve the triangle. 


We have a? = b? + c?— 2 be cos A. 


Then 
a@ = (.06239)? + (.02348)? — 2(.06239) (.02348) cos 110° 32’. 


log b = 8.7951 log c = 8.3708 
2 2 
log 62 = 7.5902 — log c? = 6.7416 
b2= .003893 = .0005516 
+c?= .0005516 log 2 = 0.3010 
—2be cos A= .001028 log b = 8.7951 
~~ @ = 005473 log ¢ = 8.3708 


log cos A = 9.5450 
log 2 bc cos. A = 7.0119 
2 be cos A = — .001028 


Then log a = 4 log a? = 8.8691 and a = .07398. 


To find B and C we have the formule of Art. 51. 
The above computation can in some cases be done best 
and quickest without the use of logarithms. 


Another Method of Solution for Case III, preferred by 
many, is as follows: 


From Fig. 27 we see that 
DC=bsin A, AD=b cos A, DB =c — AD. 


Pies any pees whence B is known, and 


: PN, DB ste ie 
DE: (At B). To find a we use a= at 


at Beg 
_ Applying this method to the example above we have, < : 
y i sh. log b = 8.7951 log b = 8.7951 * 
ae, log sin A = 9.9715 log-cos A = 9.5450 
‘log DO = 8.7666 log-AD=8.3401 
log DB = 8.6567 AD=—.02188 
log tan B = 0.1099 DB = .02348 + .02188 = .04536. 


+ B= 52° 10’ log DO = 8.7666 
C=17° 18’ log sin B=9.8975 
loga= 8.8691 
a= .07398 
ay ‘Norn. The fundamental importance of the law of sines and the 


: la w of cosines should be noted. By their use, direct or indirect, any 
 tria angle whatever may be solved. ‘oa 


a | 
; 


ae AREAS OF TRIANGLES eee 


62. Right Triangles. a 
ee na 


A ia I. Given the two legs a and b, Fig. 28. 


A 
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Then a=csin A, b=ccos A. 
Whence, by (33), 
2K=csin A cos A=} sin 2 A, 
or 4K=cCsin2A. 
Case III. Given an angle and the adjacent leg, A and b. 
‘Then a=b tan A, 
- Whenee, by (33), 
2K=0' tan A. 
Case IV. Given the hypotenuse and a leg, ¢ and a. 
Then Y= c?—a? or b=V(e+a)(c—a). 
Whence, by (33), 
BK=aV(e+ a= 0). 


63. Oblique Triangles. i 
Case I. Given two sides and the included angle, a, b, C. 


he 
Cc a D 


In Fig. 29 the line AD is perpendicular to BC. 
It is obvious that 2 "=a x DA. 


But ; sin c= 24, or DA=bsin C. 


Therefore, 2K=abeinC. (34) 


80 PLANE A TRIGONOMETRY 


sin A 


(VI, § 63 
Case II. Given a side and the angles, a, A, B, C. 
By Art. 51, 
6_snB p= asin B, 
a sinA sin A 
Whence, by (34), 
aK—% sin B-sinc, na (35) 


Case III. Given the three sides, a, b, c. 


The formula (34), of Case I may be written, by Art. 42, 
(13), 2 K=2absin} C- cos 3C. 


Substituting in this the values of sin } C and cos } C given 
in Arts. 57 and 58, we have 


2K=2an[e—OG=4 Rea 
ab \ ab ? 
or K=Vs(s — a)(s — 6)(s—c). (36) 
EXAMPLES 


Solve the following triangles, in each case obtaining also the areg 


of the triangle : 


1. a= 1419, 
B= 29° 59’, 
C=16°1'. / 

2. a= 8.384, 

b = 9.828, 
B= 109°. 
3. a= 3802, 
6 = 427, 
C = 184° 29!, 
4, a= 56.22, 
+ 0. = 68:91, 
c = 70.54. 

5. b= 38.65, 

» ¢= 48.12, 
B= 34° 32’. 


6. c= 5141, 
A= 96° 3!, 
C = 55° 46!. 
% b= 56.2, 
c = 63.9, 
A = 71° 83', 
8. b= 268.5, 
c = 282.9, 


G = 75° 20!.- 


9. b= 6.362, 
A = 76°13! 
C= 36° 17/. 

10. a= 5499, 
c = 2959, 


A = 133° 34’. 


11. 


12. 


13. 


15. 


b = .5042, 

a = .3618, 
B=74° 43/. 
a = .03574, 
b = .02921, 
c = .01853. 
b = .2792, 
a= .2271, 
A = 65° 45! 
a= .01044, 
A = 26° $2!, 
B= 146° 26. 
a = 31.49, 

b = 49.88, 


B= 44° 35/. 


. 


OF a ies es 
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16. ¢ = .0857, Fig: “$4601, 20. a = 6.743, 
a= .0292, a = 6473, b = 3.025, 
B= 81°77, B=381°7!, ¢ = 4.271, 
b-17. a=82.15, 19. b=.4312, 21. c= .01825, 
b = 67.64, ¢ = .8901, *9 — .02898, 


A = 28° 26/. A, = 29° 65!. B= 83° 30'. 


PROBLEMS IN THE SOLUTION OF TRIANGLES 


_ 22. A man owns a triangular lot on the corner of two streets 
which do not intersect at right angles. The frontage on one street is 
300 feet, on the other 250 feet. The back line of the lot is 350 feet 
long. Ifhe buys land to add 275 feet to the 300-foot frontage, by how 
much is his lot increased in size ? ; 

23. A man owns a triangular lot on the corner of two-streets 
which intersect at an angle of 62°. The frontage on one street is 
200 feet, on the other 150 feet. If the land is worth one dollar a 
square foot and the man has $1200 with which to increase the size of 
his lot, by how much can he lengthen the 150-foot frontage ? 


\y 24. The perimeter of a triangle is 100 feet, and the perpendicular 


from the vertex C to the base AB is 30 feet. The angle A oe 
Find the length of the base AB. 

25. What is the perpendicular height of a hill which is known to rise 
72 feet for every 100 feet of length of its slope, if the angle of elevation of — 
the hilltop from a point 100 yards from the base of the hill is 31° ? 
¥ 26. From where I stand, 50 feet from the bank of a stream, the 
angles of depression of the near and far banks of the. stream are 
respectively 15°37! and 6° 24’. How wide is the stream ? sow far 
am I above the level of the stream ? 
K 27. A man 5 feet 6 inches tall, standing on a bluff 40 feet high, 
measures the angles of depression of the near and far shores of a bay. 


fe angles are 46° 52! and 5°3/ respectively. How wide is the bay ? 


28. A man 5 feet tall, standing on the edge of a pond, finds the 
angle of elevation of the top of a tree on the other bank to be 44° 26/, 
The angle of depression of the reflection of the treetop is 60° 47’. Find 


the height of the tree. 
The reflection of an object appears as far below the surface as the 


object is above the surface. 
29. The frontage on the beach (AB) of a quadrangular lot ABCD 


- cannot be measured. The sides BC, CD, and DA are found to be 


236, 155 and 105 feet respectively. The angles DAC and DBC are 
82° 20’ and 29° 50! respectively. Find the length of AB. 
ms 


5 ; , dk mete, 1 
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30. The bases of a trapezoid are 48.25 and 94.75 feet. The angles” 
at the ends of the longer base are 63° 52! and 70°55‘, Find the lengths 
of the other two sides. 

31. Two sides of a triangle are 8.53 and 7.41. The difference 
between the angles opposite these sides is 18°23’. Solve the triangle. 

32. The area of a triangle is 979 square feet. The angle A is 
56° 22/ and the side b is 44.80 feet. Solve the triangle. 

33. Two sides of a parallelogram are 8005 and 5008. The included 
angle is 60° 53/. Find the lengths of the diagonals. 


34. The diagonals of a quadrangular field ABCD intersect at O at 
an angle of 78° 3’. The lines 40, BO, CO, and DO are 27.5, 31.8, 
58.5 and 63.2 feet respectively. What is the area of the field ? 

35. Two sides of a triangle are ) = 302 and c= 40.8. Find the 
angle A so that the triangle may have the same area as the triangle 
whose sides are 62, 51 and 30. If 6 were 30.2 and c were 40.8 could 
Abefound? Why? 


36. Two vessels start from the same point and sail, one northeast 
at the rate of 6 miles per hour, and the other east 30° south at the’ 
rate of 8 miles per hour. How far apart will the ships be after 24 hours ? 

37. A submarine in submerging drifts back 5 feet for every 20 feet 
it sinks. After the submarine has sunk vertically 300 yards, at what 
angle must a torpedo be shot from a cruiser one mile away to hit the 
submarine, if the latter drifts away from the cruiser ? 

38. <A post 6 feet high casts a shadow 10 feet long. What is the 
length of a flagpole that casts a shadow 60 feet long if the pole makes 
an angle of 82° with the horizontal on the side away from the sun ? 

°39. In problem 38 find the length of the flagpole if the angle made 
with the horizontal is 82° on the side towards the sun. 

_ 40, Two yachts begin a race by sailing from a. point A, along the 
windward leg of the course in the direction northeast until they 


_ reach a buoy B. They then sail before the wind, east 32° south, 


until they reach a point C, 5 miles east along a straight coast from A. 
The first yacht sails to windward 5 miles per hour, and before the 
wind 6.5 miles per hour ; the second 5.8 miles per hour to windward 
and 6 miles before the wind. Which yacht wins the race and by how 
much ? 


41. A triangular beach lot has a frontage on the sea of 100 yards. 
The boundary lines running from the beach make, on the inner side 
of the lot, angles of 60° and 50° respectively with the shore line. 
How must a line be drawn from the middle point of the shore line to 
form two equal lots ? 
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_ 42. A point A, on the south bank of a river 1.5 miles broad and 
flowing due east is to be connected by bridge and road with a town B, 
3 miles back ina straight line from 
the north bank of the river. It is 
found that the bridge can be built 
to a point, C, on the farther bank 
lying north 22° west from A, or to 

*D lying north 41° east from A. 
The town B lies north 12° east from 
A. If the bridge costs $2000 per 
mile to build and the road $500 
per mile, which route is the more W 1A = 
economical and by how much? © : 
(See Fig.) 2 
43. The distances ofa point C, on the far side of a river from two 
points A and B on the near side, are to be found but can not be directly 
“ measured, In the direction CA a distance 
J AD = 150 feet is measured, and in the direction 
—_—_7—_*—_ CB a distance BE = 250 feet. The distance 
from A to B is 279.5 feet, and by measurement 
it is found that BD = 815.8 feet, DE = 498.7 
feet. How far is C from A and B? (See Fig.) 
44. The distance from AL 
a point, A, on the coast to " Bai 
a lighthouse, L, is to be f 
found. A straight line is run from A along the Fee | 
coast, and on the line two points, B and C, are ee / 
taken from which the lighthouse is visible. By vi / 
“measurement it is found that AB = 236.7 feet, L 
BC = 215.9 feet, the angle ABL = 142° 37’, the _// } 
angle ACL = 76° 14!, How faris the lighthouse “7 
from A? (See Fig.) A : < 

45. On the north side ofa river lie two points A and B both of 

which can be seen from C, and from no other point, on the south 
side of the stream. From a point D, whose dis- 
ee. tance from C is 425.3 feet, A and Care sighted. 
XN 


N 


> 


! 
1 4B 
4 
i] 
' 


w 


D E 


« 
's. 
~ 


\ . It is found that the angle ADC = 87°15’, and 


/ £25 \, the angle ACD = 42° 35'. From another point 
(hae aoe E, whose distance from C is 405.4 feet, and 


0 from which B and C are visible, the angles 
CEB = 53° 15, and ECB = 58° 5’ are measured. The angle ACB is 
also measured and found to be 65°11’. What is the distance from 
AtoB? (See Fig.) 


CHAPTER VII 
THE SOLUTION OF TRIGONOMETRIC EQUATIONS 


64. The trigonometric equations hitherto dealt with have 
been identical equations; equations, that is, true for any 
values of the variables involved. We shall now deal .with 
trigonometric equations which are not identities, and shall 
examine the methods by which such equations are solve 


discussed. In general it may be said that all such equa- 
- tions are algebraic in form, the one difference being that 
now the unknown quantities are the trigonometric fune- 
tions, sine, tangent, etc., or, occasionally, the inverse funce- 
tions. Therefore, all methods applicable to the solution of 


aA pacino equations. Moreover, in the case of re 
} “equations we have the various fundamental identities, 
treated 5 in former chapters, which pice! true for all values 


65. For example, given the equation 
_ 2 sin? x — cos? x +4=0 


g to se the value of a. 
In form this is an algebraic, quadratic equation in tw 
knowns, sinaw and cos#. To find the values of two un 
knowns we must have two consistent and independen 
equations. But we also know that cos?#=1— sin? a 

_ Therefore, our equation may be written 
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2 sin? —(1 — sin? x) = — 4, 
«8 sinta = 3, 
whence sie ==, 
and % = sin (+ 4). - 
The principal values of x are, therefore, + z and the. 


general values are 


2 = nr +(— ty(+%)= or Se ; 
or we may proceed thus: 
Given 2 sin? x — cos? a =— 4, 
We know sin? a + cos?a = 1. 


Adding the two equations, 


3 sin? x = 3, ete. 


Example 2. Solve the equation 
cosa —V3sinz+1=0. ya 
For sin a substitute 1 — cos? a. 
Then 
cosa —V3-.V1— cos*z+1=0, 
cose +1=V3- V1 — cos?a, 
cos? a + 2 cosa +1=3— 3 cos* a, 
2 cos? a + cosa—1=0, | 
a quadratic equation in cos « whose roots are 


— 1 
eos #7 =— 1 or 4. 


Therefore, : 
g = cos!(—1)=2nr4+7=(2n+ 1), 


T 


rete i L.\ 
and % = C08 ( =2nr+, 


These roots, as in every case, must be tested by subst 
2 in the original equation. It is found that 22 — z ™ doe 


satisfy the equation, while the other two values do, 
roots are, therefore, : 


a 
© a—Gn +1) and 2nx ee 


, 


fue 


“e 


A 


5 Y 


ww 


: Another method of solving the last equation is as follows: 


5 
Given cos —V3 sina =—1. . 
& ee 7 a 
_ Divide by 2, x 
: te 
1 cose — V3 sine =—}. : | =: 
Soe Deg. See e : 
But : 008 An is 
i! a BS 
_ Therefore we may write, ; ; , 
fe : 
cos 3 Cos 2 — sin 7 sine =—5 a ‘ 
: < 
cos ses 

(2+5)=—3 } 
@ +™ = cos” re =—2nen427 : : ae 

8 2, 3 > - 
« =(2n—1)z or nx +7 S 
(eet 


ote that the two general priate (2n+1)r and 
jr are identical since each represents ae odd. 
e of T. 


acosx+ bsinx=c, cS Va+ PR. 
* . * . aia . 


i 


4 
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To solve equations of this type divide by Va? + 62 


a b : Cc 
eer COS —— __ 818 & = ———_.. 
Va? + b2 Vaz + 6? Va? + b? 
ING Wine nt oe COE Bde een 
Vai + 62 Vai + BF 


since 
: 2 b 2 
cos? «@ + sin? «@ = a) =e eee =1. 
Vai + B Vae+ 


Therefore we may write 


cos w@ cos & + sina sina = c 


Vere 
cos (@ — 0) = ——~__ 
Veto 
a — « = cos"! ——* _ = 2 nr + cos?__L_, 
V a2 + b? Va? + 62. 
and Va = One 2 cost —— + a. 
Vai + 0 


Another type of equation is 


2. tana®=cotb8 or sina =cos 00. 
We may put 
cot 06 = tan a es v0); sin a0 = cos § = “8 
Therefore 
tan a@ = tan G — 00); cos 66 = cos c = «6 


: ao = ne +(5— 00); 09 =2nm £(5~ a0 
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UAD IE ' oo TON OMI 


ia 
sae 


f en oy é= ae ee a 
demos bra 
Example. Given tan 3 6 = cot 26, find 6. 


cot 26 =tan(5—2 a). 


Pit & 
Ooe 
1 : ss Therefore, tan 36 = tan @ —2 0), | 


30=nr Me 


ue 


B A third type of equation is ha 
sin ax + sin bx + sin cx = 0, Ls 

cos ax + cos bx + coscx = 0, 

cos ax + cos bx + sin cx = 0, . 

sin ax + sin bx + coscx = 0. otc 


a: 
Mora j 


hal _ ; 
co ‘o solve equations of this type, formule eae and eo) 
4 re used. | 
s. Solve the equation sin Ba w— sin 3 @ +sin on: 
may ae 4 ‘ 

| — sinde—sin3e =2cos¢(6 a+ 3 2) a; ie ne 
= 2 cos4 # sina. 


we ‘ner P . . 
“tener 2cos4asinz + sina =0, 


sin «(2 cos 4 # + 1)=0. 


“) Ze Le a seein --" 5 are 


r 2cos4a+1=0 
4 @ = cost(— }) goes 


= nr 4 x = cos! (— )=2er se an 
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67. Simultaneous equations involving trigonometric func- 
tions can in many cases be solved. 


Example1. Given y=1—cosa, y=1+4sina, find x 
and y. 


We have 1+ sin z= 1 ~— cosa, 
sin «= — cos@, 
tan «=— 1. 


e=tan!(—1l)=n7 +22, 


and y= Poe con tae 


V2 


Example 2. Given r cos (6 — 3)= a, 7 COS (¢ — 5 =a, 
- find r and 6. 
We have 


T tae 


O=nr +7, 


= asec ( —§) =as0e( =a) 
T — 
= asec (n= — 7h )= ase (n= +35) 


TT 
aren nis even, sec (r= - 5)> — 860 Fp 


melts) ees 


90 PLANE TRIGONOMETRY [VII, § 67 


When n is odd: 


m\ Cae oe 
see (»- 5) = sec (n= + a sec 12 


Theref =—asec—, 
erefore, r chee 
68. Equations Involving Inverse Trigonometric Functions 
may, in general, be solved by transforming to other, equiv- 
alent equations involving the direct functions. The method 
of solution is illustrated by the following examples. 


Example 1. Solve the equation 2 tan“! # = cot" a. 


We have cot (2 tan“ x) = cot (cot x) 


-1 
ne [cot (tan™e)P—-1_) 


2 cot (tan 2) 


—-1 
That is, ———-=* or 382°=1; wwitench Wasa oe 


Z V3 


Example 2. Solve the equation cosa + sin!2 a = 0, 
We have 

or 

sin (cos~’ x) « cos (sin 2 x) + cos (cos! a) «sin (sin 2 x) = 0. 


That is, +V1—a?.V1—42?+27-22=0, 
Whenee, (1 — «%)(1 — 4.2%) = 4at, 5a%= 1, aap. 
V5 


sin (cos! x + sin-!2 x) =0, 


A second method of solving example 2 is as follows: 
cos“! a =— sin!2 a, 
sin (cos~ #) = sin (— sin=! 2), 
Vi-«# =— 22, 
Do = 1, 


/ 
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Ca a 1. 
V5 
In every case the values must be checked by substitution in 
the original equation. 


Fie. 30. 


It is often convenient, in dealing with inverse functions, 
to assume the angle whose function is given and to construct 
a figure to show the values of the remaining functions. 
Thus, in example 1, we wish to find cot(tan“a). Let 
tan 2 = a and construct the angle a, Fig. 30, with ordinate 
equal to + x and abscissa equal to +1. The distance is 


Fie. 31. 
then V1 +, and all the functions are readily found. 
Thus, cot (tan «) ao Similarly, in example 2, we wish 
wx 


to find sin(cos“!x) and cos(sin'2a). By figure 31 we see 
assuming cost#—=a and sin?2a= 6, that sin (cosa) = 
+ V1 — 2? and cos (sin 122) =+V1— 42% 


$2 


PLANE TRIGONOMETRY 


EXAMPLES 


Solve the following equations : 


i! 
2 
3 
4 
5. 
6 
7 
8 


14. 
15. 
16. 


17. 


. 6siné + cos@=2. 


2sin@ + cosé=2, 


. sin2z2=sing. 
. cos2z2=sine. 


. sin38 @=cosé@. 


cos26=sin2@—1. 


. sinde—sin32+ sinzg=0. 
. cos @+ cos26 + cos80=0. 


. sin4dg —sin22—cos3z=0. 


tan = cos. 


. cos2% =} cosa, 
. sin2 @cos26+2siné=0. 
. sin4z7—2 sing cos2z2=0. 


. sin4@=cos2@. 


cos (@ — a) cosx — sin (@ — a) sing = 0. 


sec? x = 3csc?a. . 


sin 6 cos @ — sin aes) cos (§-¢)=0 
3 3 


18, 27 csc 6 cot 6 = 8 sec @ tan 6. 
19. 25sin 6 — 12.8 csc? @= 0. 


20. cos’ 6 — 2 sin2@cos @ = 0. 


Solve the following simultaneous equations for 2 and y, or r and 86. 
27. 


2s. 


% 21. 


XK 22. 


y=1—cos22, 


y=1+sin2a, 
r = secre, 
r= cac??, 
2 
. r=asind, 
r=asin29@. 
hy 2G COs ec, 
y=2asingeg tana. 
. yooss = 2a, 
y=5asing. 
rsin2@=1, 


72 cos20=1. 


29. 


r= 3sin @ + 2cos 86, 
r=3cosé +2sin@. 
y? = 4sin 2a, 
y2sin2e2=1, 

y = sing, 

y=sin (e+ a). 


. re =sin 8, 


r? = sin 3 6. 


. sin 2 d= 8, 


r = 2 sec 6. 


. sin? é=4, 


r? = 16 sin 2 6, 


[VII, § 68 
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- Solve the following equations : 
Peake ei-ta= sin-1¢ + sin-! b. 


35. 


36. sin-1* 4 sin-1 
Hy 


sin-!g + sin-12¢= a 


gam 
HV) 


40. tan-1(@+41)— cot-t( 
x 


ee 4 : Bn 
~ 41. cos-1% 
x 


1 as 43 
pat ar 
—%=1 4 tant 

e+1 x 


42. tan 


oe 
3 


93° 


37. sin-!z = cos“! (— z). 
38. tan-122+tan-!32= on : 


39. ‘tan-1a = 2 cos-1”. 


1 ) = tanz?2) 
—1 


£ 
= tan-1(— 2). 
Seiya (— 2) 


Solve the following equations, finding only the principal values of 


angles: 
43. cos5zx%—cos3z2+sinz = 0. 
- 44, sin4dz+sin22+ 2cosxr=0. 
45. cos3z= cos@. 
. cota = cosa. 
- y=1+cos2za, 
y=1—sin2z. 
48. r=acos8, 
r= asin2 6. 


49. y=tan2za, 


y = cos 2 a. 
50. r=sin8d, 
r=sin(@+2 ). 
atet 


51. sin4@= cos @. 
52. 3sin@+ cos@=2. 


SPHERICAL. TRIGONOMETRY 


CHAPTER VIII 
FUNDAMENTAL RELATIONS 


69. Spherical trigonometry deals with the relations 
among the sides and angles of a spherical triangle; that 
is, of a portion of the surface of a sphere bounded by the 
intersecting arcs of three great circles. It deals also with 
~ the computation of unknown parts of such a triangle from 
parts which are known, the process being called, as in plane 
trigonometry, the solution of the triangle. The sides of a 
spherical triangle, being ares of circles, are expressed in 
degrees, minutes, and seconds, and, as is customary, we 
shall consider only those triangles in which each part (angle 
or side) is less than one hundred and eighty degrees. 


70. Law of Cosines. There is one theorem, the law of 
cosines, which may be called the fundamental theorem of 


Fic. 32. 


spherical trigonometry, because by means of the theorem 

any spherical triangle may be solved when three of its parts 

are known. We shall proceed to prove the Law of Cosines. 

Let ABC, Fig. 32, be a spherical triangle on a sphere 

whose center is O, and let the sides b and c be less than 90°. 
94 
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Through any point, Al, on OA pass a plane perpendicular 
to OA cutting the planes OAC, OAB, and OBC, in A'C’, 
A'B', and B'C', respectively. Then the angle B'A'C' is the 
measure of the diedral angle B-OA-C and, therefore, of 
the spherical angle A. Also, by the construction, the angles 
OA'B' and OA'C' are right angles. In the triangle A'B'C' 
BC” = BA” + C'A” —2 BIA! ..C'A' cos A, 
and in the triangle B'OC' | 
BC” = B'0’ + C'O’—2 B'0- C'Ocosa. 
Whence 
BO OE C'O’ —2B'O. C'O cosa 
i Be + O'A? — 2 BA’. C'A' cos A, 
or 
2B'0- C'Ocosa 
= BIO’ — B'A” + OO — CA" +2 BIA! . O'A' cos A. 
But B'OA' and C'OA' are right triangles, and therefore, 


2 


BIO’ — B'A”" = OA"; CO’ - OA" = OA", 
We then have 
B'0 - C'O cos a = OA'"+ B'A' . C'A' cos A, 


s 3 Not Bes “OA! : OA' B'A' ‘ CA . A 
. cosa Of C'O Bio cao pric 


‘But 


oo = cos BOA = cos ¢, oa cos AOC = cos b, 
1 
Ba = =sin BOA=sin ¢, ose =sin AOC = sin b, 
Hence cosa =cosbcose+sinbsinccos A, . . 


which is the law of cosines. 


pee, a 


angles B'0A' and C'OA' might be possible. iv 
- theorem, however, is true in all cases. Let us assume 
90° <b < 180° and 90°<c< 180°. Then, Fig. 33, pro 
duce the ares AB‘and AC to meet in 4A’, thus forming < 
lune. In the triangle A'BC, b' and c' are less than 90° 


Fie. 34. 


3 ‘The law of cosines is, therefore, true for the triangle A'BC 
so that, since A'= A, 


* cos a = cos b' cos c' + sin b! sinc! cos A. 
But =—sb!' = 180° — bb and c'=180°—c. 
Whence 


= cos a = cos (180° — b) cos (180° — c) 
= + sin (180° — 6) sin (180° — c) cos A, 


oat 


By Or; cos a = cos b cos c + sin b sinc cos A. Q.E.I 
ok ve a" 


a Again, let b < 90° and 90° <c <180°. Produce the ar 
u BA and BC, Fig. 34, to meet in B', thus forming a 5 
Then, in the triangle AB'C, b < 90° and c' < 90°, t 


__ therefore 
> eos a! = cosb cose! + sin bsin c! cos CAB’. 


= ee 

=180°—a, c'= arse, —c, and CAB'= 180° — A. 

cos 03 (180° — a) : PS. 
=cos b cos (180° — c) + sin b sin (180° — je cos gers 
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or, cos & = cos b cos c+ sin b sinc cos A, 


which proves the law of cosines for all cases. 
We thus have the three fundamental equations, the law 


of cosines: 
cos a= cos bcosc-+ sin bsin ccos A, 


cos b= cosccosa-+sincsinacos B, (37) 
cos C= cos acos b + sin asin bcos C, 


by means of which any spherical triangle may be solved. 
For example, given a= 60°, b=70°, A= 65°. 


We have 
cos 60° = cos 70° cos ¢ + sin 70° sin ¢ cos 65,° 


ay .500 = .342 cos c+ .940 sinc x .428, 
342 cos ¢ + .398 sin c= .500, 
342 cos c + .898 sinc ss .000 
V (342)? + (898 —-V(.842)? + (398)? 
342 B08 B00 & 
B25 COS C T 595 sin ¢ = 525° 
.651 cos ¢ + .758 sin c = .952, 
.651 = cos 49.4°, .758 = sin 49.4°. 
Therefore, 


cos (c — 49.4°) = .952, 
© ¢— 49.4? = cos .952 = 18.2° and c = 67.6". 
Similarly the other parts may be found. The equations 
are not, however, adapted to logarithmic computation, -so 


that for practical use, as will presently be shown, they 
must be transformed in various ways. 


%1. Law of Cosines Applied to the Polar Triangle. The 
law of cosines, being true for any triangle, is true for the 


polar triangle of ABC. Therefore, denoting the six parts _ 


H 


; t= ee 5 
a of the e polar triangle re Shs same lattord: aucened 


cos a’ = cos b’ cos c’ + sin D’ sin ce’ cos A’, ra 
OM as ; ss 
—— q’ = 180° — A, b’ = 180° — B, ¢ = 180°—C, A’= 180° — 
{ (ised a iy ~ 7 
ots Whence, 7 
eos (180° — A) = cos (180°— B) cos (180°— C) + sin (180°—1 
ay sin (180° — C) - cos (180° — a 


— cos A= cos B cos C —sin Bsin C cos a, = 


Be +80 that the truth of the three following equations is obviou 


cos. A =— cos Bcos C+ sin Bsin Cosa, © + 
j cos B =— cos C'cos A + sin Csin A cos b, (3 
cos C = — cos A cos B+ sin A sin B cose. 


a a 72. Law of Sines. Another theorem of importance in t] 

solution of spherical triangles, known as the law of sines, 
as follows : In any spherical triangle the sines of the sides a 
‘ mS proportional to the sines of the opposite angles. 'That is, 


sina: sinb: sinc=sin A: sinB: sinC. (3 
_ From equations (37) we have, : 


cosa—cosbecose .-. 


cos A = - ; 
ul sin } sine 
__ Whence as he ig 
Sent re 2 
24 1— cost A= _ 1 — (C08 a — cos b cos ¢ ay 
$3 sin? 6 sin? ¢ 


_ sin? b sin? ¢ — (cos a — cos b cos Je 


sin? b sin? ¢ 


7 ad 1 — cos? ¢)— (cos a — cos b cos ¢)? 
\ sin’ b sin? c ae ae 


A 


_1- — cost — cos? ¢ — cost a+ 2 cos a cos b cos 
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Whence, 
sin? A __ 1 — cos? a — cos? b — cos? ¢ + 2 cos a cos b cosc 
sin? a sin? a sin? b sin? ¢ co 
or, 


sin A __ V1 — cos? a — cos? b — cos? c+ 2 cos a cos b Cos ¢ 
sin @ sin a sin 6 sin c 


where the positive sign is taken because A and a areeach - 
less than 180°. The right-hand member of this expression is 
symmetric in a, b, and c, so that if we started with cos B or 
cos C instead of with cos A, the final result for the right- 
hand member would be identical with that written above. 
Therefore, obviously, we have 


r; . . > 
sina sinb sin ¢ 


the law of sines which was to be proved. 


CHAPTER IX 
THE SOLUTION OF RIGHT SPHERICAL TRIANGLES 


73. Special Formule for Right Triangles. If we let C b 
the right angle in a right spherical triangle, and put C= 90 
in the third equation of (37), we have 


cos ¢ = cos a cos b. (40 


The third equation of (38) gives 
=—cos Acos B+ sin Asin B cos ¢ 


or, cos c = cot A cot B. (41 


The first two equations of (38) give 
cos A = sin Beosa, 


cos B = sin A cos b. % 


Using the proportions of (39) when C= 90°, we have 


Whence, 
sina = sin A sin ¢c, (43 


sin b=sin Bsine. 
From (42) by (43) we have 
cos A= sin B cos a zane} COs a, 
sin c 


or, by (40) 


~ sin c¢ cosh tance. 
100 
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Similarly, 


__ tana 
COseb = = : (44) 


By (43), (44), and (40), 


tan A = eS a OSG 
os A tanb sine tand 
tan ¢ 
sind. sin a _ tana 


tanbcose tanb-cosacosb sinb 


In the same way, 


ai, 
tan B= 
a sin a Co 


74. The formule (40) to (45) may be assembled, in a 
slightly different form, as follows: 


sin A= 5°. ieee. 
sinc sin c 
cos A = tan 0. cos B= teeee (46) 
tan c tan c 
aa pri 
sin 0 sin a 
cos A =cos asin B. cos B= cos 6 sin A; 
cos c= cos acos Bb. cosc = cot A cot B. 


A device, known as Napier’s Rules, was formulated by 
Napier to facilitate the remembering of the above formule. 
Let us take for the five parts of a right triangle the sides 
a and 6, and the complements of A, B, and c. These five | 
parts, Fig. 35, arrange themselves so that each is a middle 
to two adjacent parts and a middle to two opposite parts. 


Napier’s Ruxzs state 


I. The sine of the middle part eres the Rradae “of the 
A ale of the adjacent parts. 
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Il. The sine of the middle part equals the product of the 
cosines of the opposite parts. 


co-A 
c=90° 


Fie. 35. 


By applying these rules to the various parts all the 
formule of (46) may be obtained. Thus, for example, 


sin (co—A) = tan b - tan (co-c). 


That is, 
sin (90° — A) = tan b - tan (90° — c), 
or, cos A= tan Dcote= ne. 


75. Rules for Solution. In a right triangle, the righ 
angle being always known, only two other parts need b 
known to solve the triangle. To solve a right triangle by 
means of the formule (46) we have, therefore, the genera 
rule: Select that equation which involves the two known part 
and one unknown part. 

The algebraic signs of the functions must be carefull: 
noted in order to determine the sign of the resulting func 
tion and thereby the angle. If the part to be found is go 
from a cosine, tangent, or cotangent there is no ambiguity 
for if these functions are plus the part will have a valu 
less than 90°. If they are minus the part will have for it 
value the supplement of the angle found from the tables c 
trigonometric functions. 

On the other hand, if the unknown part is determined b 
a sine, the sine being positive for all angles between 0° an 
180°, the value may be either that got from the tables or it 
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supplement. In general both solutions must be used unless 
the ambiguity can be removed by the following laws: 


1. If the sides adjacent to the right angle are in the same 
quadrant, the hypotenuse is less than 90° ; if they are in dif- 
_ ferent quadrants, the hypotenuse is greater than 90°. 


2. An angle and its opposite side are in the same quadrant. 


Proor or Law 1. By (40) cos c = cos a cos b. : 
Let a< 90° andd<90°. Then cosa=+, cosb=+4, 
and cosc=(+)(+)=+. Therefore, c<.90°. Again, let 
a = 90°, and b Z 90°. ‘Then cosa=—+, cos d=, cose 
=(+)(F)=—, and c > 90°. 
tan a 
tan AS 


Proor or Law 2. By (45) sind= 


Since sind is necessarily positive, it follows that tana 
and tan A are both plus or both minus. Therefore a and A 
are each less than 90° or each greater than 90°. 


76. The solution of right triangles is illustrated by the 
following examples : 

Example 1. Given A = 33° 50’, b = 108°, find B, a, and c. 

From the formule (46) we select 


tan a eae ia tan b 


: : cos B= cos b sin A, 
sin b tan ¢ 


tan A = 


or, 
tan a= tan Asin b, cotc=cos A cotb, cos B=sin A cos b. 


+log tan A = 9.8263 *log cos A = 9.9194 
+log sinb = 9.9782 “log cot b = 9.5118 
+log tana = 9.8045 “log cot cl = 9.4312 

ite c! = 74° 54! 


a = 32° 31! ¢ = 105° 6! 
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tlog sin. A = 9.7457 
“log cos b_ = 9.4900 
-log cos B’ = 9.2357 


B’ = 80° 6° 
B =99° 54’ 

To check the results we select a formula involving the 
three parts to be found; a, c,and B. Thus cos B= ane 
ees log cos B = log tan a + log cotc 

9.2357 = 9.8045 + 9.4312 CHECK 


Example 2. Given a = 47° 30’, c=120° 20’, find A, B 
and 6. 


We have 


: n 
sin .A=——, cos B = a —. 
sinc tan c cos a 


log sina =9.8676 *log tana =0.0379 ~log cos¢ =9.7033 
log sine =9.9361 log tane =0.2327 +log cos a =9.8297 
log sin. A =9.9315 ~—log cos B’=9.8052 ~log cos b’=9.8736 


B’=50° 19’ b’=41° 38' 
A = 58°40’ B =129° 41’ b =138° 2: 
CHECK. cos B = cos b sin A 


log cos B = log cos b + log sin A 
9.8052 = 9.8736 + 9.9315 = 9.8051. 


Norr. The value of A less than 90° is. taken by virtu 
of law 2, Art. 75. 


Example 3. Given B = 105° 59’, 6 = 128° 33’, find A, « 
and ¢. 
We have, 


cos B= cos b sin A, tan B = tnd i sce 
sin a sin ¢ 
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or, 

cos B sin b 

sin B 

“log cos B=9.4399 ~-log cot B=9.4570 log sin b =9.8932 

“log cos b =9.7946 ~-log tanb =0.0986 logsin B=9.9828 
log sin A =9.6453 logsina =9.5556 logsine =9.9104 


sin A = 


; sin a = tan b cot B, sin ¢ = 


A,=26° 14’ a,=21° 4’ cp = 54° 27! 
A,=153° 46' A= 158° 56’ C, =125° 33! 
CHECK. sin a= sin A sine. 


‘ log sin a = log sin A + log sinc 
9.5556 = 9.6453 + 9.9104 = 9.5557. 


By law 2 both sets of values must be used; but by law 1 
the acute value c, belongs with the obtuse values of A and a, 
the obtuse value c, with the acute values of A anda. Thus 
the two solutions are: 


Te 26° 14", a= 21° 4’, ¢ = 125°-33’, 
2. A=158° 46’, a=158°56', c= 54°27. 


Nore. A quadrantal spherical triangle is one which has 
a side equal to a quadrant. The polar triangle of a quad- 
rantal triangle is right. Therefore, to solve a quadrantal 
triangle. solve its polar triangle and take the supplements 
of the parts thus found. 


EXAMPLES 
Solve the following triangles in which C= 90°. 
1. A= 40° 13/, 5. a= 165° 19!, 9. a=144°1)!, 
a = 26° 25/. c = 46° 50!. b = 128° 6’. 
2. B= 83° 15', 6. b = 40° 49/, 10. A=59°17', 
b = 76° 46’. c = 185° 40/. B=651° 46!. 
38. B=110° 50’, ee = 21 18/, 11. A= 187° 18/, 
b = 118° 80’. b = 49° 55!. B=119° 30/. 
4, b= 127°36', Sa Ci oe oa 12. A=71° 46’, 


c = 94° 52!. b = 182° 25/. B = 148° 3/, 


106 


13 


14. 


15. 


16. 


17. 


18. 


SPHERICAL TRIGONOMETRY 


A = 20° 34’, 
C= 25-)18". 
B= 97° 36, 
c= 96° 31’. 


A = 100° 38’, 


¢= 51° 44’. 
B=59° 54’, 
a = 6° 50!. 
B= 47° 34, 
a = 144° 24’, 
A = 102° 49’, 
b = 10° 19’. 


19. 


20. 


A = 98° 17', 
a = 143° 8/. 
a = 172° 28', 
¢ = 124° 39/. 
a = 4° 54!, 

b = 169° 27/. 


. A= 76° 17', 


B= 144° 1!. 
B = 82° 43’, 
c = 99° 26!. 
B = 99° 47/, 
a = 26° 43’. 


25. 


26. 


27. 


28. 


29. 


30. 


(IX, §76 

A= 97° 24!, 
a = 108? 12!. 
b = 164° 10/, 
c¢ = 188° 50. 
b = 34° 3, 

a = 54° 26). 
A = 156° 30/, 
B = 104° 50/. 
A = 165° 1/, 
c = 50° 30/. 
B= 87° 56/, 
a = 157° 12!. 


Solve the following quadrantal spherical triangles (c = 90°) : 


31, 


32. 


A.= 80° 12’, 
@ = 72° 29/, 
B= 11816", 
@= 187° 57. 


33. 


b = 51° 33’, 
C = 25° 48). 


34. A= 141° 18', 


C = 49° 35/. 


35. 


36. 


A = 159° 20/, 
a = 186° 30’. 
b = 18° 41/, 


A = 89° 24!. 


a 


LHE 


77. 


CHAPTER X 
SOLUTION OF OBLIQUE SPHERICAL TRIANGLES 


Six Cases may be enumerated in the solution of 


oblique spherical triangles. 


1. Given the three sides, a, b, e. 

2. Given the three angles, A, B, C. 

3. Given two sides and the included angle, a, b, C. 

4. Given two angles and the included side, A, B, e. 

5. Given two sides and the angle opposite one of them, are 
b, A. 

6. Given two angles and the side opposite one of them, A, 
B, a. 

We shall proceed to consider these cases in the order 
named. 


78. 


Case 1. Given the three sides. The law of cosines is 


sufficient to solve this case, but the equations are not 
adapted to logarithmic computation. We therefore de- 
velop them as follows: 


We have proved the formula 


By the law of cosines 


, [1 — cos A 
1h Ae Sette Bie 
ae 1+cosA 


cos a — cosb cose. 
’ sin b sine 
107 


cos A= 
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Whence 


1—cosA_ sinbdsine + cos b cose — cosa 
1+cosA_ sindsine—cosbcosc+ cosa 


__ 08 (b — ¢) — cosa __ cosa — cos(b—¢) | 


~ cosa—cos(b+e) cos(b+c¢)—cosa 


But 
cos a — cos(b—c)= — 2 sin}(a+6—c)sind(a—b+¢), 
cos (b+ ¢)— cosa=—2sin}(a+6+c) sin}(b+c—a). 
Hence 


1—cosA_ sin}(a+b—c)sn}(a—b+¢c), 
1+cosA sini(a+b+c)sin}(6+c—a) 


Let a+b+c=2s; thena+b—c=2(s—o), 
a—b+c=2(s—b), and b+c—a=2(s—a). 


Therefore, 1—cos A _ sin(s—b)sin (s—c) 
1+ cos A sin s sin (s — a) 


“ tant A= sin(s— d)sin(s—¢). (47) 
sin. s sin (s— a) 
Similarly, 
tan} B= (80 (S— c) sin (s — a) 


sinssin(s—b) ” 


tank C= sin 3— eaiene ; 
< sin ssin(s — c) 
We may write 


|sin (s — a) sin (s — 0) sin (s — ¢) (e= d)sin(s ey 
‘ha Set 


sin s 
or, putting 


ra [sin 8 — a) sin(s — b) sin(s —e 
a ? 


sin's 


tans A=—_* _, (48) 
k 
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Hither set of formule (47) or (48) may be used in the solu- 
tion of Case 1. If a check is desired in the solution the law 
of sines may be so used. Thus, since 


sinA_sinB_ sind 
sina sind sinc’ 


it follows that 


log sin A — log sin a = log sin B — log sind 


= log sin C — log sine. 


It must be remembered, however, that results may check 
and still be incorrect. If they do not check they are wrong; 
if they check they may be right, or may be wrong, since 
errors may compensate each other. It is important to 
check one’s work, but far more important to learn, by care- 
ful attention, to work accurately. 


Example. Given a= 103°, b= 53°, c=61°, find A, B, 
and C. 
‘Using the formule (48) we find 
s = 1(108° + 53° + 61°) = 108° 30’, 
s—a=5°30', s—b=55° 30', s—c= 47° 30'. 
log sin (s—a)= 8.9816 = 
log sin (s —b) = 9.9160 


_ log sin (s —c) = 9.8676 
log cses = 0.0230 


2)18.7882 
logk = 9.3941 
log k = 9.3941 log k = 9.3941 
log sin (s — a) = 8.9816 ‘log sin (s — b) = 9.9160 
log tan 3 A = 0.4125 log tani B=9.4781 © 
4 A= 68° 51’, : 4 B=16° 44’, 


A = 137° 42’, | B= 33° 28), _ 


log k = 9.3941 — 
log sin (s — c) = 9.8676 ae 
log tan 4 C = 9.5265 x 

4 C= 18° 35’, 

mati C = 37° 10’. 
)*  Cuecx. — 
. log sin A = 9.8280. log sin B=9.7415 log sin C= 9.7811 — 
log sina =9.9887 log sind = 9.9023 log sine = 9.9418 — 
9.8393 98392 9.8393 


Case 2. Given the three angles. This case may be 
d by the same formule that are used in Case 1, ee 
naking use of the principle of polar triangles. Thus, using 


i i a = 180° — A’, b = 180° — B’, c = 180° — C’. 


‘a a Given A= 123°, B= 43°, C= 64°, find a, b, c. 
Here a’ = 180° — A= 57°, b’ = 137°, of = 116°, 
Bees a 4(GT? 4 197° 4.116") = 155%, 

ts pe we 08", @ — 0's 18°, 9 — of mi 80°, 


log sin (s —a’) = 9.9958 
log sin (s — b’)= 9.4900 a 
log sin (s —c’) = 9.7989 

log cses = 0.8741 


coz _ 2)19.6588 “a 
logk= 9.8294 
eae logk = 9, 8294 — logk = 9.8294 
og sin (s — a’) = 9.9958 log sin (s — b’) = 9.4900 
Teg tan } A’ = 9.8336 log tan } B’ = 0.3394 
ial 2 84° 17", +8 + BY = 65° 24', 


A! = 68° 34’, vee Bi = 130° 48", 
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log k = 9.8294. 
log sin (s — c’) = 9.7989 
log tan $ C’ = 0.0305 


4.0 = 47° 1, 
Vaal ° 
Therefore ES 
@=111° 26, = 497-12", c= 85° 580 
. CHECK. 


log sin A = 9.9236 log sin B = 9.8338 _ log sin C= 9.9537 
log sina = 9.9689 log sinb =9.8791 log sine =9.9989 . 
9.9547 9.9547 9.9548 


Norse. Using the law of cosines as stated in (38), Art. 


71, whence 
cos B cos C + cos A 


sin B sin C 


cos 4 = ; 


and proceeding as in Art. 78, the following formule may — 
be got: 


} cos (S — B) cos (S — C) 
oat =\- cos Scos(S— A) ’ 
or 


K 


cot ja=—— 
cos (S — 4)’ 


where 


a cos (S — A) cos (S — B) eos (S — Q 
cos S 


k= 


and similar formule for cot }6 and cot $c. These formu- 
le are simple and convenient, but it is unnecessary to bur- 
den the memory with them, 


80. Cases 3 and 4, two sides and the included angle, two 
angles and the included side, are solved by means of Napier’s 8 
Analogies, which we shall proceed to derive. : 

From (48), Art. 78, we may write 


t 2! eG Eee aa ate 
an 9 “4” 9 ~ sin (@— a) ain (@ — Bb)’ 
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or, since ve sin (s — a) sin (s — b) sin(s — OF 


sin s 
sin a sin 2 
2 2 sin (s—¢) (a) 
cos cos2 a 
2 2 
Whence, Anee 
sin — sin — 
1 2 p sin (s — ¢) 
is =1—— . 
cos Z cos 2 sea 
or, 
Ae“ B Yee 
a2 mae nae} aa sin s — sin(s — ¢) 
cos 4 cos 8 sR 
2 2 
That is, 
cos} (A+B) 2cos}(2s—c)sinte 
Cee he sin s j 
cos 5 cos = 
Whence, since 2s -c=a+b+c—c=a+b, 
cos i(A + B) — 2008 ¢(4 +b) sin fe, (B) 
cos 2 cos a ne 
2 2 ; 
Also, from (a) above, 
sin sin sin 2 
1+ ty Sa 
cos — cos — yrs 
2 
which being transformed in the same manner gives 
cos + (A — a) 4 2 sin 4 (a + b) cos ye 
A 3B sin s ) 


cos oY cos 9 
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Dividing (8) by (y) we have 
cos 5 (A eB) > tan 5c 


= (49) 
cos } (A — B) tan} (a+ 6) 
Again, from (48) Art. 78 we may write . 
tan = 
2 sin (s— 6) 
ne eee)’ 
a) eres B 
a pee sin (s — 0) 
cos 2 sin BY sin (s— a)’ 
Whence, 
an B 
eee) SES) 
cos 4 sin Be aa) 
PZ 2 
ea. 3B ‘Ae B 
ee ae Sa ae: py _, sin (s— 6) + sin ($s — a) | 
cos 4 sin 2 eae oe) 
2 2 
‘Using the upper signs, 
“sind (A+B) 2sin}(2s—a—b) cos} (@—b) 
cos 3 sin £ ou (se) 

_2sintccost(a—bd), (3) 


apes. sin (s — a) 
Using the lower signs, 


' sin} (A—B) _ 2cos}(2s—a—}b)sin3(a—8) 


cos 4 sin 2 een 
yas” 
; __ 2 cos $e sin} (a—b). 
n | sin (s — a) 


(¢) 


rf my 
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Dividing (8) by (e), 
sin 5 1 (A+ B) _ tan} c 
sin 5 (A— B) “ian @—2) 


(50) 


Applying (49) and (50) to the polar triangles we obtain 
uk (eed fa tan} ce’ 


cos} (A’/— B’) tan} (a’+b’)’ 


sin} (A4’+ BY) ___—ittan pc’ 
sin} (A’/— B’) tan} (a! — by 
Remembering that A’=180°—a, a’=180°—A, ete. 
these become 
cos;(a+6) — cot $C 


1 51 
cos 5 (a — b) tan 5 (A+B) Cv 


sins 3 (a +b) + oy cot Cc (52) 
sin 5 (a — b) aaa B) 

The formule (49), (50), (51), and (52), called Napier’s 
Analogies because of their similarity to formula (28) of 
the plane trigonometry, can obviously be written in other 
forms by the cyclical interchange of the letters. 


81. Case 3. Example. Given a=100° 30’, b = 40° 20’; 
C= 46° 40’, find A, B,c. Napier’s analogies (51) and (52) 
may be written 

‘ __ cos (a — b) cot $C 
pe At) cosi(a+b)  ’ 


sin 4(a — b) cot 10 
tan} (4 — By 


which will determine A and B. Then to find e we may use 
either (49) or (50). The latter may be written 


tan jc = Sin d(A + B) tan f(a — 0), 
sin }(A — B) 
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We have 
—¥(@ +5) = 70° 25’, 4 (a — b)= 30° 5’, 1 C= 23° 20’. 
log cos } (a — b) = 9.9371 log sin }(a — b) = 9.7001 
log cot + C = 0.3652 he cot 4 C = 0.3652 
log sec 4 (a + b) = 0.4748 log ese 4. (a - b) = 0.0259. 
log tan (4 + B) = 0.7771 log tan (A — B) = 0.0912 
4(4 + B)= 80° 31’, 4 (A — B)=50°59'. 


Whence A = 131° 30', B = 29° 32’. 
log sin 4 (A + B)= 9.9940 
log tan 4 (a — b)= 9.7629 
log ese 4 (ae B)= 0.1096 
log tan }.¢ = 9.8665 
+¢ = 36° 20’, 
6= 72°40) 
The signs are all plus in the above computation. 


Case 4. Example. Given B= 110° 40’, C= 100° 36’,a= 
76° 38’, find b, c, A. 
Napier’s analogies (49) and (50) may be written 
cos4(B—C) tanta 
cos#(B+C) ’ 
sin} pe C) tania 
sni(B+C) ” 
which will determine 6 and c. To find A either (51) or © 
(52) may be used. The latter is 
sin 4 z (b+ ce) tand (B— o) 


tank (b+0c)= 


_ tang (b—e)= 


coti A= 


sin + (6 — 2 
Here 1B + C)= 105° 38’, 1(B— C)=5°2’, 4a = 38°19’. 
tog cos 4(B — C)= 9.9983 +log sin 3(B — C)= 8.9432 
— tlog tan da = 9.8977 Hog tan a = 9.8977 
log sec (B+ C)= 0.5695 log ese (B+ C) = 0.0164 
“log tan 4 (b +c) = 0.4655 *log tan 4 (6 — c)= 8.8573 
180° — 3(b+ c)=71° 6, : 4(6—c)=4°T’. 


3 (b +c) = 108° 54’, 
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Whence 6 =113° 1’, c = 104° 47’. 


log* sin 4 (6 + ¢)= 9.9759 
logt tan (B — C)= 8.9449 
logt ese 4(b — ec) = 1.1440 
log* cot + A = 0.0648 
4 A= 40° 44’, 
A = 81°28’. 


Note that the algebraic signs are not all plus, and that 
the quadrant in which the angle lies is determined by the 
sign in the case of the tangent, cotangent, or cosine. 


82. Cases 5 and 6, two sides and an opposite angle or twc 
angles and an opposite side, may be solved by the law ot 
sines together with Napier’s analogies. Thus, if a, b and 4 
are given, we may write 
sin 6 sin A 


sin B= > 
S1n @& 


which, however, does not determine B unambiguously, sinc 
B may be either acute or obtuse. In this case, indeed 


‘there may be two solutions, one solution, or none. W 


know, however, that if two sides (or angles) of a spherica 
triangle are unequal the angles (or sides) opposite are un 
equal, and the greater angle (or side) lies opposite th 
greater side (or angle). These theorems enable us to dete1 
mine which values of the angle (or side) are. possible 


Thus if b s a, then only values of B which are { aes; - tha 


A are possible; both values of B may be so, or only on 
value. If the sine of B is greater than unity; that is; if lo 
sin B is positive, no solution is possible. These same cor 
siderations obviously apply to case 6 also. 

Another method of removing the ambiguity of Cases 


_ and 6 is as follows: Two angles are of the same speci 


when they are-both acute or both obtuse. Also, since eac 
side and angle of a spherical triangle is less than 180°, w 
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see that 4 (A+ B) and }(a+d) are each less than 180°; 
while $(A — B) and 4c are each less than 90°. It follows, 
in Napier’s first analogy, 


cos 4 (A+ B) _ tante 
cosi(A—B) tani(a+b)’ 


that tantec and cos$(A— BB) are both positive. Then 
cos + (4 + B) and tan 4 (a + b) must have the same algebraic 
sign, and, therefore, (A+ B) and 4 (a + b) are of the same 
species. Thus, when a and bare given and A or Bis to be 
found, if (a+ 6) 2 90° must also 4+(A+ B) ie 90°; and 
the values of A or B must be so chosen as to satisfy this 
condition. 

Having thus found B, say, (whether there be two values 
or only one) we may complete the solution of the triangle 
by the use of Napier’s analogies. 


Example 1. Given a= 46°30’, b=30°20’, B=36° 40’, 
solve the triangle. 


We have sin a sin B 
Sse: 
log sin a = 9.8606 
log sin B = 9.7761 
log esc b = 0.2967 
log sin A = 9.9334 
A = 59° 4’ or 120° 56’ = A’. 


sin A = 


Here a> 6, and, therefore, must A>B. This is true of 
both values of A found, so that there are. two possible solu- 
tions of the triangle. To find Cand ¢c we may use (52) and 
POO) .e< i Ep 

C_sini(a +5) tani (A—B) 
Got = = ——— Ne 
2 sin +(a — b) 


_ sind(A + B) tan 4(a— 5) , 


Cc 
ors sin 4(A — B) 


i a First solution. Second solution 
a $a + b) = 38°25,’ j(a+b) = 38°25', 


Aa —b) = 8°95’, 4(a—b) =8°5’, 
cs (A+ B)=47°52, (A! + B)= 78° 48', tes 
 4- B)= 11°12 }(A! — B)= 42° 8'. a 
Tog sin ita +6) =9.7934 or 9.7934 oa 
a3 log tan 4(A — B)= 9.2966 9.9565 2 
f log ese }(a — 6) = 0.8519 0.8519 “i 


a log cot § = 9.9419 or 0.6018 ‘ 


Ges 20 4Q! fae oar 
Z= 4sr49', = 14°39", 
C= 97°38'. C'=28°6'. 


z 
log sin }(A + B)= 9.8701 or 9.9916 be 
log tan 4(a — b) = 9.1524 9.1524 a 
log esc 4(A — B)= 0.7117 0.1734 ae 

log tan : = 9.7342 or 9.3174 ‘ ; 

c e! Ss 

= = 28° 28’ = ° 44’ ’ 

5 8 Cae = 11°44’, « 

c =56° 56’ c' = 23°38’, 

The two complete solutions are, therefore, : 
A=59°4', or 120°56', bi 

C = 97° 38’, 28° 6', : 


c = 56° 56'. * 28° 28), 


: ae 
oe a 2. Givena= = 126°, c= 70°, A = 56°, solve the 
~ triar oe . [ 
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we have log sin .A = 9.9186 
log sin ¢ = 9.9730 
log esc a = 0.0920 
log sin C = 9.9836 
C = 74° 20’ or 105° 40’. 


But sincea>c, must A>C. Therefore, there is no solu- 
tion. Otherwise thus: 
4 (a+c) = 98°, (4+ C) = 65° 10' or 80° 50', which are 
not of the same species. 


Example 3. Given A = 84°, C= 19°, a = 28°, solve the 
triangle. 
sin C'sin a 
sin A 
log sin C = 9.5126 
log sin a = 9.6716 
log ese A = 0.0024 
~ log sinc = 9.1866 
¢= 8°50" or 1717.10; 
But since C< A, must c<a, and the second value is 
impossible. 
To find 6 use (50). 
log sin + (A + C) = 9.8935 
log tan $ (a — c) = 9.2275 
log ese $ (A — C) = 0.2698 
log tan +b = 9.3908 
4b = 13° 49', b= 27° 88, 
To find B we may use (52), which has the advantage of 
- giving an unambiguous result, or the law of sines. Selecting 
the latter method we have 


log sin C = 9.5126 
log sin b = 9.6663 
log ese ¢c = 0.8137 _ 
*jogaih B= 9.0006 | 
B=79° 27' or 100° 33’. 


Using the law of sines, sinc = 


, brits 


ies 
"SPHERICAL ‘TRI 1G01 io} [ET 


_ But since b< a, must B< A, and the second value is ny 
_ possible. The complete solution is, therefore, 


c= 8° 50', b = 27° 38', B= 79° 27'. 
83. Delambre’s Analogies or Gauss’s Equations. 


- Using the law of cosines we may write 


cos a — cos b cos c 


cos A = : : 
nr sin 6 sinc 
_ Whence 
S 1—cos A=2sin?9} A= ob oi ce ea 
Ps sin 6 sin ¢ 
z aig 
- asin = cos(b — ¢)— cos a _ 2 sin $(a+b— e)sin }(a— b49), 
sin bsinc sin bsin ¢ 
‘That is, 
. gin = |Sin (6 — 8) sin (s — ¢) 
2 sin 6 sin ¢ 


with similar formule for sin 3 and sin &. ; 


_ In the same manner, by adding unity to each side of the 
first equation of this article, may be obtained formule of 


cos 4 = Sins 8in =, 
, 2 sin 6 sin ¢ 
zy 

R | ‘From these pee follows 


a ' in (s — b) . [si i ie 
RUBE sin 4 cos 3 _ sin (s oes ts c) 


sinc sin a sin b 


— Sin (s — 6) 8 — b) cos 0; { F (a) 
sin ¢ 2 . 
In the same way we obtain — x “ 


Ae ey 
cos # sin 3 = sin (s— a) ,,, ©, ‘Va & 
— ae 


2 soni € P ee 
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Adding («) and (8), 


sin 4 cos Pecos ain = ee) sims — 0) 
2 2 2 2 2 


sinc 
‘Whence 
oe __sin¢ec cos} (a—b) Cc 
Sar Aa ma siniccosic ieee 
or 
sin t (A cos 5 (a — 6) 
4(A+B)= cos © Li 
cos +¢ a2 


Similarly may be obtained 


—b C 
sin 4 (A — B)= ea ee RET. 


cos 4 (a +d) C 
cos 4(4A+4+.B)= aaa e sin = : III 


sin 4(a + b) C 
cos 4(A—B)= ee IV 


which are the analogies or equations sought. These im- 
portant equations may be conveniently used in the solution 
of Cases 3 and 4 of oblique triangles. 


Example. Given a =132°47', b= 59°50’, C = 56° 28’, 
solve the triangle. 


We have 
4(a + b) = 96° 19', 4(a — db) = 36° 29', 4 C= 28°14. 
log sin 4(a + b) = 9.9973, log sin $ (a — b) = 9.7742, 
log cos 4(a + 6) = 9.0414, log cos 4(a — b) = 9.9053, 


log sin g = 9.6749, log cos . = 9.9450. 


From equations II and IV, 
log {sin 1c sin 4(.A — B)} = 9.7742 + 9.9450 = 9.7192, 
log {sin 4c cos (A — B)} = 9.9973 + 9.6749 = 9.6722, 


a 


a 


ee 


$ 3m 7 Sr we 
> Nous 
~* 
oa 
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Whence 
log tan 1(.4 — B) = 0.0470, 


4(A — B) = 48° 6’. 
From [ and III, 
logt feos 4c sin } (A+ B)} = 9.9053 + 9.9450 = 9.8503, 
log- §cos 4c cos 4. (A + B){ = 9.0414 + 9.6749 = 8.7163. 
Whence log- tan $(A + B) = 1.1340. . 

180° —} (A + B) = 85° 48', 3(A + B) = 94° 12%. 

Therefore, A= 142°18', B= 46°6'. 
Also log sin $(4 — B) = 9.8718. 
Therefore, log {sin $c sin (4 — B)} = 9.7192 


log sin } (A — is = 9.8718 
log sin }¢ = 9.8474 


dco= 44° 44', c= 89° 28'. 


Possibility of Solution by Inspection of Data. Before at- 
tempting the solution of a spherical triangle it may be 
desirable to determine whether the triangle is possible with 
the given data. 


Case 1. Given the three sides. The triangle is always 
possible if the sum of the sides is less than 360°, and if no 
one side is greater than the sum of the other two. This 
follows at once from well-known geometrical theorems. 


Case 2. Given the three angles. This case can be read- 
ily tested by the criteria of Case 1 applied to the polaz 
triangle. For example, the triangle A= 78°, B= 100°, 
C =160° is impossible because the sides of the polar tri. 


- angle, a' = 102°, b' = 80°, c' = 20°, are such that a! > b' + ¢! 


Case 3, given two sides and the included angle, and Case 
4, two angles and the included side, are always possible 


Cases 5 and 6 have been discussed in Art. 82. 
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10. 


11. 


12. 


13. 


- & = 68° 25), 
Dale lil, 
c = 56° 57!. 
a = 100°8’, 
= 50° 2/, 
c = 60° 6’. 
wee: = 51° 59!, 
B = 83° 55’, 
C = 58° 54’, 
« A= 142° 33), 
B= 27° 53!, 
O82? 27". 
b = 42°10, 
c= 96° 11!” 
A= 110° 5!. 
t= 146°, 
c¢ = 69° 20’, 
B= 125° 10'. 
a = 90°50’, 
¢=117° 50’, 
Bue 20216". 
. B= 41°6, 
C = 122°10', 
@-= 87°. 
, A = 185°, 
C = 50° 50’, 
b = 68° 50’. 
A = 147° 30', 
O = 168° 10', 
b = 76° 25/. 
@ = 29° 2!, 
b= 14°3', 
A = 49° 5!, 
D= 98%, 
c= S56; 
C= 168°. 
a= 182°, 
b = 56°, 


A = 116° 18!. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


26. 


EXAMPLES 
a = 111° 20/, 
¢ = 41°30, 
C = 25°10’. 
A = 159° 1/, 
C = 36°, 
a= 9° 5!. 
A = 25°20, 
C = 153° 30', 
a = 73° 33). 
B= 142° 30, 
C = 71° 20/, 
¢ = 89° 35, 
A =110°5/, 
B = 123° 20’, 
= 126° 55! 
a = 59° 34!, 
b = 136° 11', 
¢ = 150°2!. 
a = 109° 24/, 
c = 81°50’, 
A= 107°40/. 
a = 99° 50!, 
¢ = 64° 10/, 
‘A = 96°19. 
A = 35°81’, 
B = 24° 43/, 
C = 188° 25. 
A = 31°20, 
C = 122° 40’, 
b = 40° 40’. 
a = 120° 45’, 
¢ = 70° 25/, 
B= 50° 16’. 

. A= 120°21', 
B = 130° 22’, 
C = 140°7!. 

¢ = 109° 20, 
b = 80° 20’, 
C = 106° 50’. 
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27. 


28. 


29. 


30. 


31. 


32. 


33. 


34, 


35. 


36. 


37. 


38. 


39. 


1238 
A = 1327; 
B = 189° 50’, 
b = 427° 10/. 
A = 79%, 
B= 40°, 
c = 108°. 
a = 40°, 
b= T1882, 
A = 29° 25/. 
C= 148°, 
B = 22° 20!, 
= 136% 
a= 114°, 
c = 148°, 
G=135° 7". 
PAn=hars 
B= 81°50', 
@ = 122° 47!. 
B= 61°40’, 
C = 140° 15/, 
c¢ = 150° 25/. 
a = 125° 16’, 
b = 151° 37’, 
c¢ = 75° 55. 
A = 60° 40’, 
_C=105°, 
a = 64° 30'. 
a = 55° 5, 
¢ = 138° 5!, 
Al = 42°28). 
B= 116° 6', 
C = 73° 50, 
¢ = 80°. 
B= 184°, 
C=b1%; 
(t = 70° 20!. 
b = 108°, 
C402, 
Oe a>. 
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“40. a = 58° 20’, 42. A=70°5’, 44. A= 115°, 
b = 188° 5’, B= 122°, B=6e; 
C= Ono C = 95° 4!. ; CS ts55. 
41. a=61°, 43:, &—= 602, 45. a= 150°, 
¢ = 97°, b = 120°, b = 160°, 
Bi 110°: c= 50°. B= 10° 
46: a =112°30/, 47. A = 20°30’, 
b = 108° 40’, B =%2° 30’, 
c= 140210". C = 124° 30’. 


CHAPTER XI 
THE EARTH AS A SPHERE 


_84. Distances on the Earth. As we remarked in the intro- 
ductory chapter, plane trigonometry is sufficient for the 
survey of small areas. For larger areas and in navigation, 
except in the most refined work, the Earth is treated as a 
sphere and we make use of the principles of spherical trigo- 
nometry already enunciated. 

The shortest distance between two points on the Earth is 
the are of. a great circle joining them, If we know the 
number of degrees in that are we can compute its length by ~ 
the formula s =r (Art. 47), where s is the length of arc, 
x the angle in circular measure, and r the radius of the 
sphere; in this case 3960 miles, the radius of the Earth. 


Example. ‘Find the length of an arc of 26° on the peg 


surface. 
5K 26° — 26 = 137 radians. 


pot 180 en90. 
Therefore, 
13 7 13 22 ir 
=" ==. — .3960 =1 les. 
lela x 3960 a0. 798 miles 
It is convenient to ions and remember the atiation of 
aiiles i in.one degree of are for the purpose of finding jeugthe 


ofares. 
$=—X 3960 = 69.1 miles, approximately. 


Z 180 


85. Position and direction. The position of a point on the 
‘Earth is determined by its latitude and longitude; that is, 
‘by the number of degrees the point lies north or southof 
the équator, and the number of degrees east or westofa _ 
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great circle, through the Earth’s axis, chosen as a reference 


- line. We shall use the great circle, or meridian, through 


Greenwich. ; 

A point moving along a great circle of the Earth, unless 
that circle be a meridian or the equator, is constantly 
changing its direction, or cowrse. For example, Fig. 36, at 
A the compass points north along AN, and a ship at A is 


Nn 


e 


Fic. 36. 


: ’ sailing, say, due west. When the ship has reached B the 


compass points north along BN and the ship is sailing west 
30° south. On the other hand if a ship sailed constantly on 
a course, say, west 30° south it would move around the 


Earth in a spiral approaching continually nearer to the 


South Pole. 


86. Bearings. To illustrate the use of spherical trigo- 
nometry in determining positions, directions, and distances 
on the Earth’s surface, consider, Fig. 36, a ship sailing 
from C to A along the great circle CBA. The lines NC, 
NB, NA, and NG are meridians, the last being the meridian 
of Greenwich. Suppose the latitude and longitude of C 
are 44°40’ N., 63°35! W.; of A, 58°24’ N., 3°4’/ W. The 
longitude of G, obviously, is 0°. The pabitions of the points 
Cand A being thus known, let us find the directions (called 
bear sbi of A from O and of C from A, and the distance 
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from Cto A. From the meaning of longitude we have 
GNA = 3° 4’, GNC = 63° 35’, whence a = ANC = 60° 81’. 

Also, by the meaning of latitude, 
AN = 90° — 53° 24' = 36° 36'; CN = 90° — 44° 40! = 45° 20’, 


We therefore have, in the spherical triangle CNA, ON = 
a = 45° 20', AN =c = 36° 36' and the included angle «= 
60° 31’, which is case 3 in the polation. of spherical triangles. 
The data : 


4 (atc) = 40° 58’, k(a—c) = 4° 22, a= 30° 15.5". 


log cos $ (a — c) = 9.9987 log sin 4 (a — c) = 8.8816 

log cot 5 = 0.2340 log cot a = 0.2340 

log sec (a + c) = 0.1220 logesei (a +c¢)=0. 1834 

log tan} (A+ C) = 0.3547 log tan + io ies C) = 9.2990 
41(4+C) = 66° 10 1(A—C) =10° 16’. 
Whence Aa Ti: 20, C = 54° 54', 


Therefore the bearings of C from A are N. 77° 26' W.; of 
A from (0, N. 54° 54' E. 


To find the side CA =” we have 


log sin 4 (A + C) = 9.9613 
- log tan 4 (a — c) = 8.8829 
log ese 4 (A — C) = 0.7092 


log tar 5= 9.5534 
4a = 19° 47.5, a = 39° 35', 


Therefore length CA = 39.6° x 69.1 miles = 2736 miles. 


If only the distance sailed is required it is simpler to use 
the law of cosines. Thus, cos# = cos ccosa + sincsina 
cos &. 


a 
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log cos c = 9.9046 log sine = 9.7754 
log cos a = 9.8469 log sin a = 9.8520 
9.7515 log cos « = 9.6921 
number = .5643 9.3195 
.2087 number = .2087 

cos « = 0.7730, 

% = 39° 23! 


and the distance = 39.4° x 69.1 = 2723 miles. 


87. The course of the shipat C would be N. 54° 54'E. To 

_ show how the ship’s course changes as it sails along CA let 
us find the course as the ship crosses the meridian 38° W. at 
the point B, Fig. 35. In the triangle NCB we have b=CN 
= 45° 20'", C= NCB =54° 54', N= CNB = 63° 35' — 38° 
= 25° 35'; that is, two angles and the included side. 


4 


4 (C+ N) =40° 14.5', (C — N) = 14° 39.5', $b = 22°40'. 


log cos 4(C — N) = 9.9856 log sin $(C — NV) = 9.4033 
log tan} b = 9.6208 log tan +b = 9.6208 
log sec}(C +N) = 0.1173 log ese 3(C + N) = 0.1897 
log tan} (¢ +n) = 9.7237 log tan 4 (¢ — n) = 9.2138 
4 (¢ + n) = 27° 53.5! 4(c —n) =9° 17.5'. 
Whence c = BN = 37° 11', n = CB = 18° 36’. 


The latitude of Bis 90° — BN = 52° 49' N., and the dis- 
tance sailed is 
CB = 18.6° x 69.1 miles = 1285 miles. 
To find the angle B = CBN we have 


log sin}. (¢ + n) = 9.6700 
log tan }(C — N) = 9.4176 
log ese 1 (c — n) = 0.7919 
log cot 4 B = 9.8795 


4 B= 52° 51’, B= 105° 42', and NBA = 180° — B= 74° 18! 


Therefore the ship’s course at B (the bearing of A from 
B) is N. 74° 18' E. 
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88. The Area of a Spherical Triangle may be found as fol- 
lows: The theorem has been proved that the area of a 
spherical triangle is equal to its spherical excess (the excess 
of the sum of its angles over two right angles) times the 
area of the tri-rectangular triangle; it being understood 
that the right angle is the unit of angles. Thus, using A to 
represent the area of a triangle whose angles (in degrees) 
are A, B, and C; and noting that the tri-rectangular triangle 
is one eighth of the surface of the sphere; we have 


AH AtBt C— 180° 4a? _ (A+ B+ C—180)n7? 
90° oie te 180° ; 


Example. Given A =105°, B= 80°, C = 95°, and taking 
r = 3960 miles, the radius of the earth, 


oe (105° + 80° + 95° — 180°) « (3960)? po) na 


180° 
log 5 = 0.6990 
log + = 0.4971 


_ 2log r =7.1954 
colog 9 = 9.0458 — 10 
log A = 7.4373 
and A = 27,370,000 square miles. 


TABLE OF LATITUDE AND LONGITUDE 


K 


Baltimore BO AT AN 10" ot” We. 
Boston APOLLO AE NY, 
Chicago 41° 53’ 'N., ~ 87° 38’ W. 
Greenwich SL”29! N,, - OF AW. 
Honolulu PISS N.. 8 Lb Ts OS AN. 
Liverpool 53°24" N,, BS 4’ W. 
New York 40° 43’ N., 74° W. 
Pernambuco hates 34° W. 
Riode Janeiro 22° 54’ S., 43° 10’ W. 
San Francisco 87° 48’ N., 122° 24’ W. 
Washington 38° 54’ N., 77° 3’ W. 
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ee 
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EXAMPLES ; 


In the following problems assume that one can travel directly — 
along the arc of a great circle between the points named. ’ oa 


1. Ashipsailsfrom Baltimore to Boston. Find the course of the 


_ship as she leaves Baltimore, her course as she crosses the meridian of 


New York, and the entire distance she sails. What are the bearings 
of Baltimore from Boston, and of Boston from Baltimore ? 


2. Find the course at Liverpool, the course at 55° W., and the 
total distance sailed by a ship going from Liverpool to New York. 
What are the bearings of these cities from each other ? 


8. Aship sails from Baltimore to Rio de Janeiro. She sails first 
to a point off Pernambuco in latitude 8° S., longitude 34° W., and 


from there to Rio. How far does she sail, and what is her course off 
- Pernambuco ? 


Nore. In the Southern Hemisphere latitudes are taken as algebra- 
ically negative. Use the north-polar distances of places as sides in 
solving triangles. 


4. In problem 3 what course will the ship be sailing after she has 
gone 1000 miles? What will be her latitude and longitude at that 
point ? : 


5. How far is the Washington Observatory from the Greenwich 
Observatory ? What are the bearings of the two observatories from 
each other ? 


6. A ship sails from Boston on a course East 12? South. At what 
distance would she be sailing due East? What are her latitude and 
longitude at that instant ? 


7. A ship sails northwest from San Francisco. What would be 
the highest latitude she would reach? What would be the ship's 
longitude at that instant ? 


8. Find the number of square miles in the triangle whose vertices 
are Baltimore, Boston, and Chicago. 


9. A ship sails from Honolulu to San Francisco, Find the entire 
distance sailed, and the course of the ship when she has gone halfway. 


10. An aéroplane sails from Washington to Chicago along a great 
circle are one mile above the surface of the Earth. In what time is 
the flight made at a rate of 75 miles per hour ? 


- 
~~ . 
. 4 af 
Ms oh fain a. Soon 
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11. Find the number of square miles in the triangle whose vertices 
are Baltimore, New York, and Chicago. 


12. Find the face and edge angles of a regular triangular pyramid. 


13. What is the latitude of three points on the Earth equally dis- 
tant from each other and from the North pole ? 


14. Each face of a triangular pyramid is a triangle whose sides are 
3, 4, and 5 respectively. Find the face and edge angles of the pyramid. 


ANSWERS 


CHAPTER III 


Art. 28 
. b= 340 2. A = 43°5 3. A= 51°47! 
¢ = 422 c= 54.9 b = .483 
. b= 478 5. a=718 6. b=96.4 
a= 154 C= 823 = 232 
~70.7 i. 8. 71.2f% 9. 60°10’ 10. 260ft. 11. 212 ft. 
. 99.5 ft. 13. 48°36’ 14. Heights equal. 
Art. 35 
. 1.912 Oo) S74 14, ¢ 15. 100+5 16. 
LOO 20. 0 21. 0 22. 1 23. Impossible. 
7 Ce @ Wo) B6.\(a =) 2 “27. 0 eB e.b opal 
qa ' 
. 1.099 31. 1.386 —32. 2312 33. 1.020 34. —.8088 


. 4.408 36. 238.2 37. — 358300 38. .07212 39. Impossible. 


— $12.1 Al tae 42. 57090 43. .00008162 
. 08728 45. 100 46, 3.241 47. .001847 48. 1142 
. 2448 - ; 
SOLUTIONS OF RIGHT TRIANGLES 
a=.04691 2 a=2316 3. b = 24850. 
¢ = .05151 b = 3402 ¢ = 36100 
K = .0004988 K = 3,941,000 K = 325,400,000 
. A=68°10'! 5. a@=578.8 6. a= .00883 
b = 48.04 c = 2491 b = .003607 
K = 1859 K = 701,000 K = .00001593 
, A=68°48' 88. a=.6441 9. A= 43°24) 
¢ = .4694 ¢ = .6508 b = .8966 
K = .04364 K = .02879 K = .3801 
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10. 


13. 


16. 


19. 


ANSWERS 
a = .003845 11. b= 5091 12. b= 99.43 
b = .006723 c = 5268 c = 156.8 
K = .00001293 K = 3,444,000 K = 6030 
A = 79° 28! 14. b= 68,840 15. a= .000005737 
a = 842 * ¢ = 92,280 c = .00002118 
K = 65,900 K = 2,128,000,000 kK =  .0000000000585 
a = .0003899 17. A=27°17! 18. a=18.59 
b = .0006772 a = 4.252 b = 30.51 
K = .000,000,1821 K=17.53 K = 283.7 
b = 24,540 20. A = 48°45! 
c = 30,010 c = 5280 
K = 211,900,000 K = 6,970,000 
. First steeper by 54’. 22. 24.7 mi. and 29.5 mi. 
. Team by 15 seconds. 24. 3°25’ 25. 648 ft. 26. 14.7 in. 


. 9 hr. 28 min. a.m. or 2 hr. 32 min. p.m. 
. Reduced by 10.1 ft. 
Increase in altitude 251.4 ft. 


29. Buoy farther by 1138 ft. 
31. 8°45’. 32. 1 ft. shorter. 


. 1575 mi. 34. 57° 43’ N. or S. 35. N. 58°15’ E. 15 mi. 
. EH. 62°46! N. 7.29 mi. perhour. ; 
112.5 mi. 38. E.30°N. or S. 4.33 mi. 39. 127.9 mm. 
155.1 ft. 41. 74.17 yd. 
CHAPTER IV 
Art. 40 
944V7 g, 1+ 2Vv30 7, #v2 8. +v2 
20 12 fase hy 
4+ v2 +7V2 
= 19. == 
10 4 10 
Art. 41 
=f Rae ov + 8Vv2 6. + Seva s 9Vv15 
. One value, 45° 8: + 44, 0° 9. Two values, + 90° 
Art. 44 
4 4v2 3 3. + 4Vv2 4 re v241 
‘ v6 
a V8E2 | 6a aia avay 


18, 


23. 


25. 


17. 


12. 


15. 


K= 7142 
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CHAPTER V 
Art. 47 
Minute hand, r 19. a8 20. = 21, 702 22. Ide 
Hour hand, = 
12 
a radians per second, 24. 191 revolutions per minute. 
59384 mi. 26. 1978V2 mi. 27. .085 in. 28s, Os iets 
Art. 49 
a eiaady eee ig ae 20. 0 
4 4 3 
CHAPTER VI 
b = 986 Zag Oe 3. A = 18°39! 
c = 544.3 Cr=52° B= 26° 52! 
K = 193,000 c= 8.19 c = 673.9 
Ia = WEI: K = 45,990 
. A= 49°8! 5. A=100°35! or 10°21! 
B= 59° 18! C = 44° 53! 135° af 
GO'= 71° 36) a = 67.02 12.25 
K=1705 K=914 Loi 
a = 6184 7. B= 49° 8! 8. A= 37° 58! 
b = 2937 C = 59° 19! B= 66! 42! 
K =7,510,000 a = 70.48 a = 179.9 
K = 1708 K = 235870 
a = 6.64 10. “B= 23° 29! 11. A = 48° 49! 
¢ = 3.95 C1227 5: C= 61° 28! 
Ke= 12/21 b = 8024 c = .4592 
K = 8,248,000 K = .0802 
A = 94° 16! 13. No solution. 14. b =.01292 
B = 54° 36! c = .002861 
C = 31°8' K = .00000826 
K = .0002699 
A = 26° 19) 16. b = .0185 17. B= 00° 
Cr==a096; A = 54° 40' c = 59.39 
c= 67.14 C = 94° 13! K = 955 
K = .000002694 
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18. A= 46°23’ or 133°37! 19. B= 22° 37! 
C = 102° 30! 15° 16’ CG = 127° 28! 
c = 8730 2354 a = .5593 
K = 14,600,000 3,938,000 K = .0958 
20. A= 134° 22! 21. A= 57°41! 
B= 18° 42! C = 38° 49! 
C = 26° 56! a= .02461 
K = 4.622 K = .0002232 
22. 33,695 sq. ft. 23. 15 ft. 24. 35.6 ft. 25. 428 ft. ° 
26. Width 74.6 ft. ; height above stream, 14 ft. 27. 472 it. 
28. 17.1 ft. 29. 109 ft. 30. 61.93 and 58.81 ft. 
31. A= 61° 43! B=80°7! C = 38° 10! c = §.20 
32) B= 58° 26! a = 46.45 ft. c = 52.48 ft. 
33. 11,320 and 7082. 34. 3997 sq. ft. 35. A= 7° 5! ; no. 
36. 21.7 mi. 37. 9°17! with the surface of the water. 
38. 33.5 ft. 39. 40 ft. 40. Second yacht by 1 min. 12 sec. 
41. At 82°33! with shore on the side towards the 60° angle. 
42. A-C-B by $560. 43. AC=152.1ft. BC = 819.4 ft. 
44, 441 ft. 45. 336.9 ft. 
CHAPTER VII 
1. 7 2. Li . by 
7 ne + z 3. 2nr + 3 
ur 7 23 r 
fig Peas 3 ah aa) 
276 nee nr + ( bok 
4, 2 nw + cos-12 FSV 38 5. 2uw +7 6. nr 
37 2 
2 nw + cos-1 4 ne +7 
f 2ne — = 8. ne ne 9. ne +(—)*sin-! (A=) 
2nr 7 a oo 
3 6 ree 
10. 2nw + oos1 (14 VS). 11. nm. 12. nx + * 


2nr 
2 be 
Qn+)s 


13. 


16. 


19. 


21. 


24. 


26. 


29. 


32. 


35. 


39. 


43. 


47. 
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th Gomes Bi 
AER 14. 4 ey Lb: Whe Aes ahi 
LUA a a 
8 12 
2 Ls Py : -13 
rts 17 mae 18. nr + tan-13 
2a 
2nmr +2™ 
Nm + 3 
Mein=t Tv __ v2 
nr +(—)"sin-1¢ 20. any ke: nr + tan eer 
Ee 99g Sone ee a ra. 
a5 ; 22. 0 ee oes 23. 0 ne En 
yale r=2 ; r=0, zavs 
t= 7 25. c= i inw +(—)" sin“! 4} 
y=+av2 y= +2, neven 
yaa 2, n odd 
Gat = 27. 0anr4+= 28, g= 24 (= 
218 sata 5 wae 
r=4+Vv2 pag eve y=4+v2 
pee ES 39. bane et BI. g= "™  r=0, n even 
2 3 2 
v3 1 
y =4 cost = Sig ere rene 
@=nr +> 33. g= TELE 34. avi — 6 + bV1— a 
r=+2V2 r=+2Vv2 
ee 36. 44 V5 37. 2 2 {98.4 ork 
Oye 40: 44 41. + v3, av 42. —lor} 
0, = Aa! oad. 45. 0. 46, = 
24 a: Se) 
T wv ie NGO al 
t=—— 48. 6=-, — 49. © = 4sin-1( —_— 
8 2° 6 4 ( 2 ) 
y az tv2 r= 0, v8 y = 25-2 


2 Seo 2 
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34 T . 2 Be 
=o ol a 52. cos-!=———- 
50. @ == 0 10 
(OF 
= sin — 
yp in 8 
CHAPTER IX 
1. B=58° 30/ b = 35° 59! ¢ = 43° 33! 
121° 80! 144° 1! 136° 27! 
2. A= 380° 53! a = 80° 13! c = 78° 35! 
149° 7! 149° 47! 101° 25/ 
8. A= 48° 11’ a = 44° 29! c = 109° 52! 
181° 49! 185° 31/ 70° 8/- 
4, A= 88° 89! 5. A= 159° 39! 6. A= 147° 84! 
B= 127° 20! B= 104° 14! B= 66° 3! 
@= 82° 1' b = 135° a = 157° 26! 
ae A= 27° 8. A= 81° 29! 9. A= 189° 5! 
B='%3° B= 181° 60! B= 110° 57! 
¢ = 58° 8! c = 97° 42! e= 6a 47 
10. a= 49° 26’ ll. a@=147° 87' 12. .a= 658° 45/ 
b = 48° 58/ bis 1S67ise" b = 158° 17! 
€ = 62° 5! G=o2" Tit c= 121° 5a) 
13. a=7° 59! 14. a= 49°11! “15. a=129° 30! 
b = 21° 58/ b = 100° b = 166° 50’ 
B= 70° 59! A = 49° 37! B= 168° 8/ 
16. A= 80° 47! 17. A= 126° 53! 18. a= 141° 47! 
6 = 11° 36! b = 82° 29! c = 140° aT! 
c = 18° 26! € = 188° 18! B= 16° 25! 
19. B= 10° 23! b = 6° 16! c = 142° 41’ 
169° 37/ 178° 44! 87° 19! 
20. A= 170° 50!’ 21. A = 25° 5/ 22. a= 66° 12! 
B= 84° 45’ B= 114° 38/ b = 146° 25! 
b = 56° 1! c = 168° 28! c = 109° 39/ 
23. a= 142° 40’ 24. A = 28° 19! 
b= 78° 7! b = 110° 59/ 
A = 142° 8! c= 108° 89! 
25. b = 88° 37! c==4018 B= 84° 20! 
146° 23! 79° 145° 40! 
26. A= 74° 12! 27. A = 68° 11/ 28. a= 161° 32! 
B= 157° 47’ B = 89° 43! b = 129° 57" 
a = 48° 57! Cem OL 11? CG = 52° 28! 


31. 


32. 


35. 


10. 


13. 


15 


18. 


19. 
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29. a = 168° 30! 30. A = 124° 32! 
6b = 180° 29' b = 16° 48/ 
B = 99° 40! 6 = 151° 57! 
b = 20° 23) B= 10° 35! C = 148° 10/ 
159° 37! 169° 25/ 31° 50/ 
A = 141° 32! 33. A= 163° 16! 34. a= 124° 38! 
C = 111° 46! B = 19° 55! b = 46° 49/ 
b = 108° 29! a = 188° 36! B = 38° 43! 
B = 23° 26! C = 30° 51! b = 50° 50! 
156° 34! 149° 9/ 129° 10/ 
36. B=12°7! 
Gr 13925) 
a = 75° 40! 
CHAPTER X 
“A = 76° 2p) ee 188? 18! 35 d= 388° 2) 
B= 812 B= 81° 12! Diab 
(PSS C = 35° 52! e= 42° 2! 
O15)! 5. B= 41° 32! 6. A = 145° 23) 
b = 49° C= 792 2! C=10823' 
c = 60° a = 108° 10! b = 126° 24! 
. A= 105° 57! 8. b= 47° 49/ 9, @ = 120° 25! 
C = 121° 45/ Cc = 72° 37' Linn y(n ab) 
b = 115° 56! A = 32° 16! B = 49° 52! 
@ = 124° 57! 11, B= 22° 13! 12. No solution 
c¢ = 158° 47! C= 258! 
B = 140° 26! c = 86° 30! 
B=90° 14. A=36°42' B=160° 32! b = 148° 44! 
C = 188° 32! 148° 18/ 38° 52! 78° 
c = 146° 42! 
No solution 16. c=90° 17. a= 188° 34! 
; -b' = 18° 15! b = 155° 50! 
Bi iBoz! A = 100° 16! 
a = 68° 59! c = 156° 10! C = 155° 2! 
116° 1’ 72° 5A! 87° 36! 
A= 110° 4! 20. b = 115° 19! 21. B= 96° 16’ 
Bie ot B= 114° 2! C = 65° 14! 
C= 147° 2! C= 90° b = 99° 52! 


140 
22. 


25. 


28. 


29. 


30. 


33. 


39. 


a = 61° 2! 
b = 89° 2! 
c¢ = 92° 2! 
a = 90° 58! 
DNs? 
c= 132° 2! 
a = 66° 40! 
113° 20/ 
C = 109° 58! 
a = 96° 42! 
b = 40° 34! 
B = 42° 15! 
137° 45! 
A = 44° 54! 
@= 112° 14’ 
b = 29° 53! 
A = 89° 36! 
26° 48 
A = 142° 
B= 159° 
C = 138° 
A = 72° 54! 
a = 78° 30! 
b = 112° 67! 
a@ = 129° 44! 
95° 40! 
», A= 70° 44! 
B= 182° 12! 
C = 94° 54! 
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23. B= 87°30! 
a = 83° 49! 
c = 64°15! 
26. a= 120° 29! 
Av= 119° 8! 
B= 90° 
c = 160° 54 
102° 2! 
C = 160° 10! 
49° 50! 
31. No solution. 


38. 


41. 


a = 188° 54! 
25° 28 
B= 58° 6! 
b= 61°81! 
ic =90° 
A ='61° 16! 
b = 119° 47! 
c = 69° 41! 
A = 181° 8! 
76° 58! 
b = 110° 50! 
A = 61° 85! 
C= 88° 27" 


CHAPTER XI 


. Course at Baltimore: E. 37? 55! N. 


24. 


32. 


36. 


42. 


b = 69° 46/ 
A = 67° 87! 
CO = 25° 17! 
C = 164° 38! 

127° 42! 

c¢ = 158° 38! 

89° 56! 


No solution 


b = 42° 48 
187° 12! 
b = 96° 24! 
B= 54° 54! 
C = 146° 38! 
B= 68° 36! 
111° 24! 
a = 62° 42!. 
b = 126° 44! 
c = 109° 42! 


Course at meridian of New York: E. 36° 14! N. 


Bearings Boston from Baltimore : E. 37° 55! N. 


Bearings Baltimore from Boston: W. 34° 17! S. 
Distance sailed : 359 mi. 


. Course at Liverpool: W. 14° 51! N. 


Course at 55° W.: W. 26° 56’ S. 
Bearings New York from Liverpool: W. 14° 51/ N. 
Bearings Liverpool from New York: EB. 40° 31! N, 

Distance sailed ; 3803 mi, 


ANSWERS Bee 141 /- 


3. Course at. Pernambuco: S. 36° 35! E. arrives. 
Course at Pernambuco: S. 29° 33’ W. departs. 
Distance sailed: 5141 mi. 

4, Course: S. 42° 32! E. 

Position : 29° 12’ N., 64° 1’ W. 

5. Bearings Greenwich from Washington; E. 40° 41! N. 
Bearings Washington from Greenwich :. W. 18° 83! N. 
Distance : 3669 mi. 

6. Distance: 11,550 mi. 

Position : 48° 42'S., 91° 25! E. 

7. Position: 56° 2’ N., 153° 54! W. 

8. 117,700 sq. mi. 

9. Distance : 2398 mi. 

Course: E. 29° 6’ N. 
10. 8 hours, nearly. 11. 35,580 sq. mi. 
12. Face angle, 60° ; edge angle, 70° 32/. 
13. 19° 28'S. 
14, Face ; 36° 52/, 53° 8/, 90°. 


Edge : 180°, 0°, 0% 
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EXPLANATION OF THE TABLES * 


TABLE I. FIVE-PLACE COMMON LOGARITHMS OF 


NUMBERS FROM 1 TO 10000 


1. Powersof 10. Consider the following table of values of powers of 10: 


Cotumn A 


101 


Cotumn B 


CoLumn A 


1000 


10000 
100000 


1000000 
10000000 


100000000 


1000000000 


001 

0001 
.00001 ~ 
-000001 
.0000001 
-00000001 


10000000000 -000000001 


This table may be used for multiplying or dividing powers of 10, by 
means of the rules 102 - 10? = 102+, 102 + 10®=10¢-*. Thus, to multiply 
1000 by 100,000, add the exponent of 10 in column A opposite 1000 to the 
exponent of 10 opposite 100,000: 3 +5 =8; and look for the number in 
column B opposite 108, 7.e. 100,000,000. Similarly 1,000,000 x .0001 = 100, 
since 6 + (— 4) = 2. 

To divide 1,000,000 by 100, from the exponent of 10 opposite 1,000,000 
subtract the exponent of 10 opposite 100; 6 —2=4; and look for the 
number opposite 104, 7.e. 10,000. Similarly .001+1,000,000=.000000001, 
since —3—6=—9, To find the 4th power of 100, multiply the exponent 
of 10 opposite 100 by 4: 4 x 2=8, and look for the number opposite 108, 
i.e. 100,000,000. Likewise (.001)? = .000000001, since 8 x (— 8) =— 9. 
To find the cube root of 1,000,000,000, divide the exponent of 10 opposite 
1,000,000,000 by 3, 9 +3 = 8, and look for the number opposite 103. 


* This Explanation, written to accompany the five-place tables, may be used also for the 
four-place tables by omitting the last figure in each example in a manner obvious to the 


teacher, : 
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vi EXPLANATION OF THE TABLES 


2. Common Logarithms. The exponent of 10 in any row of column A ~ 
is called the common logarithm * of the number opposite in column B; 
thus log 10 = 1, log 100 = 2, log 1000 = 8, etc.; log 1=0, log .1=— ie 
log .01 =— 2, log .001 =— 38, etc. In general, if 10?= 1, 7 is called the 
common logarithm of n, and is denoted by log n. 


3. Fundamental Principles. Logarithms are useful in reducing the 
labor of performing a series of operations of multiplication, division, 
raising to powers, extracting roots, as above ; they have no necessary 
connection with trigonometry, since all the operations could be performed 
_ without them; but they are a great labor-saving device in arithmetical 
computations. They do not apply to addition and subtraction. 

The principles of their application are stated as follows : 

I. The logarithm of a product is equal to the sum of the logarithms of 
the factors: log ab =loga+logb. This follows from the fact that if 
 10!=aand 102=b, 104+2=<a-b. In brief: to multiply, add logarithms. 

II. The logarithm of a fraction is equal to the difference obtained by 
subtracting the logarithm of the denominator from the logarithm of the 
numerator: log (a/b)=loga—logb. For, if 10!=a@ and 104 =6, then 
10°-4=a+b. In brief: to divide, subtract logarithms. 

Ill. The logarithm of a power is equal to the logarithm of the base 
multiplied by the exponent of the power: log a’=bloga. This follows 
from the fact that if 10! = a, then 10% = qb, 

IV. The logarithm of a root of a number is found by dividing the loga- 
rithm of the number by the index of the root: log Va = (los a)/b. This 

Scie: from the fact that if 10? = @, then 107% = q@l/ = Va.’ 
_ Corollary of II. The logarithm of the reciprocal of a number is the 


as gts of the logarithm of the number: log (1/a) =—loga, since 
Ne ofl = 0. 


_ > 


_ 4. Characteristic and Mantissa. It is shown in algebra that every 
_ real positive number has a real common logarithm, and that if a@ and b 
. _ are any two real positive numbers such that a <b, then loga<logb. 
< ; Neither zero nor any negative number has a real logarithm. 

An inspection of the following table, which is a restatement of a part 


100 | 1000 | 10000 | 100000} 1000000 


. *Common logarithms are exponents of the base 10; other systems of logarithms have 
bases different from 10; Napierian logarithms (see Table VII, p. 112) have a base denoted by 
_ 6, an irrational number whose value is approximately 2.71828. When it is necessary to call 
attention to the base, the expression logy » will mean common logarithm of ”; loge ” will 


mean the Napierian logarithm, etc, ; but in this book log m denotes logon snob otherwise 
explicitly stated, 


5 4) COMMON LOGARITHMS vii 


of the table of § 1, p. v, shows that 
the logarithm of every number between 1 and 10 isa proper fraction, 
the logarithm of every number between 10 and 100is1 +a fraction, 
the logarithm of every number between 100 and 1000 is 2 + a fraction; 
and so on. It is evident that the logarithm of every number (not an - 
exact power of 10) consists of a whole number + a fraction (usually 
written as a decimal). The whole number is called the characteristic ; 
the decimal is called the mantissa. The characteristic of the logarithm 
of any number greater than 1 may be determined as follows: 
*Rurel. The characteristic of any number greater than 1 is one less 
than the number of digits before the decimal point. 
The following table, which is taken from § 1, p. v, shows that 


a -0000001 | .000001 | .00001 | .0001 | .001 | .01 aul 


log a —7 —6 —65 —4 |/-—3 | —2] -1 


the logarithm of every number between .1 and 1 is — 1 + a fraction, 

the logarithm of every number between .01 and .1 is — 2 + a fraction, 

the logarithm of every number between .001 and .01 is — 3 4+ a fraction ; 
and so on. 

Thus the characteristic of every number between 0 and 1 is a negative _ 
whole number ; there is a great practical advantage, however, in comput- 
ing, to write these characteristics as follows: —1=9—10, —2=8 — 10, 

=7—10, etc. L£.g. the logarithm of .562 is — 1+ .74974, but this 
should be written 9.74974 — 10; and. similarly for all numbers less than 1. 

Rute Il. The characteristic of a number less than 1 is found by sub- 
tracting from 9 the number of ciphers between the decimal point and the 
Jirst significant digit, and writing — 10 after the result. 

Thus, the characteristic of log 845 is 2 by Rule I; the characteristic of 
log 84.5 is 1 by (1); of log8.45 is 0 by (1) ; of log. B45 j is 9 — 10 by (II) ; 
of log .0845 is 8 — 10 by (II). 

An important consequence of what precedes is the following : 

To move the decimal point in a given number one place to the right is 
equivalent to adding one unit to its logarithm, because this is equivalent 
to multiplying the given number by 10. Likewise, to move the decimal 
point one place to the left is equivalent to subtracting one unit from the | 
logarithm. Hence, moving the decimal point any number of places to 
the right or left does not change the mantissa but only the characteristic.* 

Thus, 5345, 5.3845, 534.5, .05345, 534500 all have the same mantissa. 


* Another rule for finding the characteristic, based on this property, is often useful; 
if the decimal point were just after the first significant figure, the characteristic would be 
zero; start at this point and count the digits passed over to the left or right to the actual — 
decimal point ; the number obtained is the characteristic, except for sign ; the sign is negas 
tive if the movement was to the left, positive if the movement was to the right, $ 
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=tts EXPLANATION OF THE TABLES 


5. Use of the Table. To use logarithms in computation we need ‘34 
table arranged so as to enable us to find, with as little effort and time as 
possible, the logarithms of given numbers and, vice versa, to find numbers 
when their logarithms are known. Since the characteristics may be , 
found by means of Rules I and II, p. vii, only mantissas are given. This 
is done in Table I. Most of the numbers in this table are irrational, and 
must be represented in the decimal system by approximations. A five- 
place table is one which gives the values correct to five places of decimals. 

Prostem 1. To Jind the logarithm of a given number. First, deter- 
mine the characteristic, then look in the table for the mantissa. 

To find the mantissa in the table when the given number (neglecting 

_ the decimal point) consists of four, or less, digits (exclusive of ciphers at 
the beginning or end), look in the column marked NW for the first three 
digits and select the column headed by the fourth digit: the mantissa 
will be found at the intersection of this row and this column. Thus to 
find the logarithm of 72050, observe first (Rule I) that the characteristic 
 is4. To find the mantissa, fix attention on the digits 7205; find 720 in 
column N, and opposite it in column 5 is the desired mantissa, .85768 ; 
hence log 72050 = 4.85763. The mantissa of .007826 is found opposite 
_ 782 in column 6 and is .89354; hence log .007826 = 7.89354 — 10. 


6. Interpolation.. If there are more than four significant figures in the 

given number, its mantissa is not printed in the table; but it can be 

_ found approximately by assuming that the mantissa varies as the number 
varies in the small interval not tabulated ; while this assumption is not 

* strictly correct, it is sufficiently accurate dor use with this table. 

Thus, to find the logarithm of 72054 we observe that log 72050 = 4.85768 
and that log 72060 = 4.85769. Hence achange of 10 in the number causes 
a change of .00006 in the mantissa; we assume therefore that a change of 
s in the number will cause, approximately, a change of .4 x .00006 
= .00002 (dropping the sixth place) in the mantissa; and we write 
log 72054 = 4.85763 + .00002 = 4.85765. 

The difference between two successive values printed in the table is 
called a tabular difference (.00006, above). The proportional part of 
_ this difference to be added to one of the tabular values is called the cor- 
‘rection (.000002, above), and is found by multiplying the tabular difference 
_ by the appropriate fraction (.4, above). These proportional parts are 
usually written without the zeros, and are printed at the right-hand side 
of each page, to be used when mental multiplications seem uncertain. 

Ewamiple 1." Find the logarithm of .0012647. Opposite 126 in column 4 find 10175 ; 
_ the tabular difference is 84 (zeros dropped) ; .7 x 84 is givenin the margin as 24; this cor- 

rection added gives .10199 as the mantissa of .0012647; hence log .0012647 = 7.10199 — 10. 
_- Keample 2. Find the logarithm of 1.85648. Opposite 185 in column 6 find -26858 ; 


tabular difference 23; .43 x 28 is given in the margin as 10; this correction added gives 
z .26868 as the mantisea of 1.85648 ; hence log 1, 85648 = 0.26868, 
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7. Reverse Reading of the Table. Propiem 2. To find the number 
phen its logarithm is known. First, fixing attention on the mantissa only, 
ind from the table the number having this mantissa, then place the 
lecimal point by means of the two following rules : * 

Rowe Ill. If the characteristic of the logarithm is positive (in which 
ase the mantissa is not followed by — 10), begin at the left, count digits 
me more than the characteristic, and place the decimal point to the right of 
he last digit counted. 

Rute IV. If the characteristic is negative (in which case the mantissa 
vill” be preceded by a number n and followed by — 10+), prefix 9—n 
iphers, and place the decimal point to the left of these ciphers. 

Example 1. Given log w = 1.22787, to find x. 

Since the mantissa is 22737, we look for 22 in the first column and to the right and below 
or 737, which we find in column 8 opposite 168, The number is therefore 1688. Since the 


haracteristic is +1, we begin at the left, count 2 places, and place the point; hence 
>= 16.88. 


Hxample 2. Given log » = 2.24912, to find a. 

This mantissa is not found in the table; in such cases we interpolate as follows: select 
he mantissa in the table next less than the given mantissa, and write down the corre- 
ponding number ; here, 1774; the tabular difference is 25; the actual difference (found by 
ubtracting the mantissa of 1774 from the given mantissa) is 17; hénce the proportionality 
actor is 17/25 = .68 or .7 (to the nearest tenth). Since moving the decimal point does not 
ffect the mantissa, it follows that the digits in the required number are 17747 (to five places). 
‘he characteristic 2 directs to count 8 places from the left; hence w = 177.47. ; 


Ruts. Jn general, when the given mantissa is not found in the table, 
write down four digits of the number corresponding to the mantissa in the 
ible neat less than the given mantissa, determine a jifth figure by dividing 
he actual difference by the tabular difference, and locate the decimal point 
y means of the characteristic. \ 


8. Illustrations of the Use of Logarithms in Computation. 


Ewample1. To find 882.48 X 802.43 X 16.725 X .000178, 
log 882.48 = 2.92084 
log 802.43 = 2.48062 
log 16,725 = 1.22337 
log .000178 = 6.25042 — 10 (add) 
log a = 2.87475 whence w = 749,47, 


‘Heample2, To find 461.29 + 21.4. 
log 461.29 = 2.66397 
log 21.4 = 1.83041 (subtract) 
log @ = 1.33356 whence a = 21.556, 


* Another conyenient form of these rules is as follows: if the characteristic were zero, 
e decimal point would fall just after the first significant figure; move the decimal point 
1e place to the right for each positive unit in the characteristic, one place to the left for 
ch negative unit in the characteristic, 

+ In rare cases — 20, — 80, etc, 


a 


Illustration of Cologarithms 
_ -Ewample 8, To find 48.25 X 1 ate X 1145. 

‘We might add the logarithms of the factors in the numerator and from this sum subtract 
logarithm of the denominator; but we can shorten the operation by adding the ni - 
ve of the logarithm of the denominator instead of subtracting the logarithm itself. The 
i negative of the logarithm of a number (when written in convenient form for computation) 
called the cologarithm of the number, We may find the negative of any number by 
Poe it from zero, and it is convenient in eee aes ae to write zero in i 


oe né To fina the cologarithm of a number begin at the left of tts logarithm (including 
the characteristic) and subtract each digit from 9, ewcept the last,* which subtract 
om 10; if the logarithm has not — 10 after the mantissa, write — 10 after the result; 

‘if the logarithm has — 10 after the mantissa, do not write — 10 after the result. 


_ By this rule the cologarithm of a number can be read directly out of the table without 
= taking the trouble to write down the logarithm. Attention must be given not to forget the 
characteristic. The use of the cologarithm is governed by the principle: 


A Adding the cologarithm is equivalent to subtracting the logarithm, 


log 48.25 = 1.68350 
log 182,76 = 2.12807 
log .1745 = 9.24180 — 10 
colog 1415.8 = 6.84915 —10 (add) 
t F log w= 9.89752 —10 whence w= .7898 ‘ 
Sta 4, Find the 5th power of 7.26842 — \ 
‘ log 7.26842 = 0.86144 
___ 5 (multiply) 
log w=4. 4.80720 whence = 20286. : 
er 5. Find the 4th bh of .007564 Anal 
log .007564 = 7.87875 — 10. 


“Tog -007564 = 87.87875 — 40 (divide ty 4), : 
se @= 9.46969 -—10 whence » = .2949 


| Ake: : 
ve Bea le 6, Find the-value of 2 /(@455)(— 856.7) (— 48.5) 2 
“A208 (98.75)(— 186.8) we 


have no logarithms of sesabi numbers, but an inspection of this problent shows 


log 84. ‘65 = 1.58845 

log 856.7 = 2.98283 

" Jog 48,5 = 1.68849 
colog 98.75= 8.00546 — 10 
colog 186.8 = 7.72979 —10 (add) 

1.84502 (divide by 8) 

log(— w) = 0.61501 mene w= — 4,121 
A if the logarithm | ends in one or more ciphers, the Inst. significant digit is wae under 
_ stood here, 4 = 3 dai stead 


§ 9] THE SLIDE RULE - xy 


9. The Slide Rule. A slide rule consists of two pieces of the shape 
of a ruler, one of which slides in grooves in the other; each is marked 


Fie. 1 


(Fig. 1) in divisions (scale A and scale B) whose distances from one end 
are proportional to the logarithms of the numbers marked on them. 
It follows that the sum of two logarithms can be obtained by simply 
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Fig. 2 


sliding one rule along the other ; thus if (see Fig.-2) the point marked 1 
on scale B is set opposite the point marked 2.5 on scale A, the point on 
scale B marked 2 will be opposite the point on scale A marked 5, since 
log 2.5 + log2=log5. Likewise, opposite 3 (scale B) read 7.6 (scale A) ; 
opposite 2.5 (B) read 6.25 (A), t.e. 2.56 x 2.5 = 6.25. 

Other multiplications can be performed in an analogous manner. Divi- 
sions can be performed by reversing the operation. Thus, if 4.5 (B) be 
set on 11.25 (A), then 1 (B) will be opposite 2.5 (A), as in Fig. 2. 

Seales C and D are made just twice as large as scales A and B. It fol- 
lows that the numbers marked on C and D are the square roots of the 
numbers marked opposite them on scales A and B. 

For a description of more elaborate slide rules, and full directions for 
ase, see the catalogues of instrument makers. 

The student should use a slide rule in checking results; practice may 
be had by checking many of the results of the following list. of exercises. 


a 
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‘ 


10. Graphical Representation of Interpolation. In the process of in- 
 terpolation, values are inserted as if the logarithm varied directly as the 


number, between the two nearest 
values given in the table. Graph- 
ically, this means that the interpo- 
lation is made as if the curve 
y =loga consisted of a straight 
line segment. 

If the values of 2 and y = logz 
are plotted in the usual manner, 
the curve obtained is that shown in 
Fig. 8. The values. of x and y 
given in the table fall so close to 
each other on this figure that the 


ee interpolating line cannot be shown. 
—EEEEEEEEEEE EEE EHEHEH] Bat ifthe portion ofthe figure near 
el a Fic. 3 x=2, y=.30103 be enlarged in 
* : the ratio 1 to 10000 on the z-axis 
and 1 to 1000 on the y-axis, the resulting figure is as shown in Fig. 4. 
The point A shows x = 2.001, y = .80125; the point B shows x = 2.002, 
 y =.80146; if we draw the straight line AWB, it is clear that the straight 
_ line differs from the true curve AMB, but the difference is very slight. 
«a mi ete 
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Thus, the value of y given by interpolation for «= 2.0015 is shown at 
NV; it is y =.301355. The true value of log 2.0015, found from a highe1 
place table is really .3013556 ; but either of these results would be writter 
-30136, so that the error made in using the straight line ANB in place o: 
_ the curve AMB does not affect the fifth place of decimals. 
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§ 11] TRIGONOMETRIC FUNCTIONS xiii 


EXERCISES 


1. Find the values of each of the following products by logarithms; check each com- 
putation by a multiplication of round numbers. 
(a) 3.1416 x 205.6, (0) 64.82 x 2780.5. (c) 82.16 x(— 44.52). 
(d@) 281.6 x .0024. (e) (— .008714) x (1206.5). (fF) .968752 x .0010746. © 
2. Substitute + for x in each of the parts of Ex. 1, and then find the indicated quo- 
tient in each case by logarithms. 


8. Find the value of each of the following expressions by logarithms; check each 
computation. . 


ro) 8.1416 x 2109.4 (p) 725x(— 8.472) (c) (8.1416)2. (e) (1.728)5, 
732.56 X 28.5 6805.4 x .0126 (ad) V3.1416. — (f) (2.469)8/2. 
© (9) (— 27.845)8, (4) (.000165)1/7. (4) (8.1416) (2.84)3+(.006)1/8, 


4. Find the area of a circle whose radius is 47.5 ft. 

Find the area of a rectangle whose base is 231.75 and whose height is 514.25. 
Find the area and the volume of a sphere whose radius is 4.6152. 

Given 1 cm. = .3987 in., reduce 4752.6 em. to inches, 


PIAA 


- Reduce 675 sq. em. to square inches. 


9. Given 365.242 mean solar days = 366,242 sidereal days, express 1 mean solar day in 
terms of sidereal days; express 1 sidereal day in terms of mean solar days. 


10. The amount a of a principal p at compound interest of rate v for n years is given 
by the formula: a=p(1+r). Find wif p = 12,753, r= .06, and n =5., 
11. Evaluate each of the following expressions: 


3/= 5 
(a) V3. V5. WT. () 5.62 x (4.8)1.5_ (a) +/10000 


(0) 52/3 = (19,7)3/2, (.684)2.8 (49.52/46 


II. FIVE-PLACE TABLE OF THE ACTUAL VALUES OF 
THE TRIGONOMETRIC FUNCTIONS OF ANGLES ~~ 


11. Direct Readings. This table gives the sines, cosines, tangents, 
and cotangents of the angles from 0° to 45°; and by a simple device, 
‘indicated by the printing, the values of these functions for angles from 
45° to 90° may be read directly from the same table. For angles less than 
45° read down the page, the degrees being found at the top and the min- 
utes on the left ; for angles greater than 45° read up the page, the degrees 
being found at the bottom and the minutes on the right. 

To find a function of an angle (such as 15° 27!.6, for example) which 
‘does not reduce to an integral number of minutes, we employ the process 
‘of interpolation. To illustrate, let us find tan15°27’.6. In the table 
we find tan 15°27’ = .27688 and tan 15°28! = .27670; we know that 
tan 15° 27'.6 lies between these two numbers, The process of interpola- 
tion depends on the assumption that between 15° 27’ and 15° 28/ the tan- 
-gent of the angle varies directly as the angle ; while this assumption is not 
strictly true, it gives an approximation sufficiently accurate for a five-place 
table. Thus we should assume that tan 15°27/.5 is halfway between 
.27638 and .27670. We may state the problem as follows: An increase 
of 1/ in the angle increases the tangent .00032 ; assuming that the tangent __ 
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“ : varies as the angle, an increase of 0/.6 in the angle will increase the tan- 
gent by .6 x .00032 = .00019 (retaining only five places) ; hence = 
tan 15° 27'.6 = .27638 + .00019 = .27657. 


The difference between two successive values in the table is called, as 
in Table I, the tabular difference (.00032 above). The proportional part 
of the tabular difference which is used is called the correction (.00019 
above), and is found by multiplying the tabular difference by the appro- 
priate fraction of the smallest unit given in the table. 

Eevample1. Find sin 63° 52/.8. 

We find sin 63° 52/ = .S9777; 

tabular difference = .00018 (subtracted mentally from the table), 
correction = .8 x .00018 = .00010 (to be added), 
_ Hence = sin 68° 52/.8 = .89787. 


| Ewample2. Find tan 87° 457.4, 
tan 87° 457 = .77498; 


dropping useless zeros, tabular difference = 47; .4x 47 = 19 (to be added). 
_ Hence tan 87° 45/.4 = .77447. 


‘ 
Eeample 8. Find cos 65° 24/.8, 
cos 65° 24” = .41628 ; 


ba tabular difference = 26; .8x26=21 
(to be subtracted because the cosine decreases as the angle increases), 
Hence’ cos 65° 247.8 = .41607. 


Ewample 4, Find ctn 82° 18.5. 
etn 82° 187 = 1.5818; 


® tabular difference =10; .5x 10 =5 (to be subtracted), 
Hence ctn 82° 187.5 = 1.5818, 


Rute. To find a trigonometric function of an angle by interpolation : 
select the angle in the table which is next smaller than the given angle, and 
_ read its sine (cosine or tangent or cotangent as the case may be) and the 
tabular difference. Compute the correction as the proper proportional 

part of the tabular difference. In case of sines or tangents add the correc- 
tion ; in case of cosines or cotangents, subtract it. 


12. Reverse Readings. Interpolation is also used in finding the angle 
when one of its functions is given. 


Keamplei. Given sing = 82845, to find a. , 

‘ Looking in the table we find the sine which is next less than the given sine to be .82882, 
and this belongs to 19°10/. Subtract the value of the sine selected from the given sine tc 
obtain the actual difference = .00018 ; note that the tabular difference = ,00027. The actual 
difference divided by the tabular difference gives the correction = 18/27 = .5 as the decimal 
of a minute (to be added). Hence w = 19° 107.5, 

Kwample 2, Given cos w = .28432, to find a. 

The cosine in the table next less than this is .28429 and belongs to 78° 29/; the tabula: 
difference is 28; the actual difference is 8; correction =8/28=.1 (to be subtracted) 
Hence @ = 78° 28/.9, 

Ewample 8. Given tan » = 2.8578, to find a, 

The tangent in the table next less than this is 2.8556 and belongs to 70° 42/; the tabula 


difference is 26; the actual difference is 17; correction 17/26 =.7 (to be added). Hence 
== 70° 429.7, 


'§ 13] - TRIGONOMETRIC FUNCTIONS Xv 


Ruiz. To find an angle when one of its trigonometric functions ts given: 
select from the table the same named function which is next less than the 
given function, noting the corresponding angle and the tabular difference ; 
compute the actual difference (between the selected value of the function 
and the given value) and divide it by the tabular difference ; this gives the 
correction which is to be added if the given function is sine or tangent, 
and to be subtracted if the given function is cosine or cotangent. 


Il. FIVE-PLACE COMMON LOGARITHMS OF THE 
TRIGONOMETRIC FUNCTIONS | 


13. Use of the Table. _ If it is required to find the numerical value of 
% = 27.85 x sin 51° 27!, we may apply logarithms as follows: 


log 27.85 = 1.44483. 
log sin 51° 27! = 9.89324 — 10 (add). 
loga2=1.83807 «= 21.78 

The oa new idea here is the method of finding log sin 51° 27’, which 
means the logarithm of the sine of 51°27’. The most obvious way is to find 
in Table I, sin 51°27! =.78206, and then to find in Table II, log .78206 

= 9.89324 — 10, but this involves consulting two tables. To avoid the 
necessity of doing this, Table III gives the logarithms of the sines, - 
cosines, tangents, and cotangents. The arrangement and the principles 
of interpolation are similar to those given on p. viiifor Table I. The stu- 
dent should note carefully that.Table III does not give the sines, cosines, 
etc., of angles, but rather their logarithms; also that the sines and cosines 
of all acute angles, the tangents of all acute angles less than 45° and the 
cotangents of all acute angles greater than 45° are proper fractions, and 
their logarithms end with — 10, which is not printed in the table, but 
which should be written down whenever such a logarithm is used. 

Heanvple 1, Find log sin 68° 25/.4. 

On the page having 68° at the bottom, and in the row having 25/ on the right find log 
sin 68° 25/ = 9.96843 —10; the tabular difference is 5; .4x 5 is given in the margin as 2; 
this is the correction to be added, giving log sin 68° 25/.4 = 9.96845 — 10, 

(In case of sine and tangent add the correction.) ; 

Eeample 2, Find log cos 48° 39.4. 

log cos 48° 89’ = 9.81998 — 10, tabular difference 15. 
4x15 =6 (subtract) therefore log cos 43° 89’.4 = 9, 81992 — 10. 

(In case of cosine and cotangent, subtract the correction.) 

Hwample 8. Given log tan w = 0,77663, to find w, 

The logarithmic tangent in Table III next less than the given one is 0.77639 and belongs 
to 80°80’; the actual difference is 24; the tabular difference is 78; hence the correction is 
24/78 = 8 (add); hence w = 80° 80/.8. 

Heample 4, Given log cos w = 9,72581 — 10, to find a. 

The logarithmic cosine next less than the given one is 9,72562 — 10 and belongs to 57° 58" 5 
the actual difference is 19; the tabular difference is 20; hence the correction is 19/20 = 1.0 
(to the nearest tenth); (subtract) ; hence @ = 57° 52/.0, 


xvi EXPLANATION OF THE TABLES 


, 
In finding logetna for any angle @, note that logctna =— log tan a, 
since ctna@ =1/tana@. Hence the tabular differences for logctn are pre- 
cisely the same as those for log tan throughout the table, but taken in 
reversed order. Likewise, log sec @ =— log’cos a, log csc & = — log sin &; 
hence log sec & and log csc & are omitted. 
For angles near 0° or near 90°, the interpolations are not very accurate 
if the differences are large. A special process, called logarithmic interpo- 
lation, is given on p. 45, for angles below 8° or above 87°. 


IV-V. RADIAN MEASURE 


- 14. Computations in Radian Measure. The reduction of degrees to 
radians is facilitated by Table IV — Conversion of Degrees to Radians. 
The values of sinx, cosx, tanx, are stated for every angle x from 0.00 
radians to 1.60 radians at intervals of .01 radian in Table V — Trigo- 
nometric Functions in Radian Measure. ; 
The reduction of radians to degrees can be performed directly. by Table 
V; or, for greater accuracy, by the supplementary Table Va. — 


VI. POWERS— ROOTS— RECIPROCALS 


15. Arrangement. This table is arranged so that the square, cube, 
square root, cube root, or reciprocal can be read directly to five decimal 
places for any number n of three significant figures. To attain this, not 
only n%, n8, Vn, Vn, 1/n, but also V10n, V10n, V100n are printed on 
every page. All values have been carefully recomputed and checked. 


Thus to find W117, read in /n column the result: 1.08167. To find \/11.7, read i 
the same line, in ‘V10n column the result: 3.42053. To find W117, read 10 times the 
— entry in Vn column, since V11T = 10V1.17. 


Similarly, ¥/1.17 = 1.05873 from ¥/n column; ~/11.7 = 2.27019 from the same line ix 
Yi0n column; +/IIT = 4.89097 from the same line in ~/100x% column, 

The effect of a change in the decimal point in n?, n®, and 1/n is only 
to shift the decimal point in the result, without altering the digits printed 


16. Uses. One principal use of this table in Trigonometry is to mak 
the Pythagorean Theorem and the Law of Cosines practicable as formula: 


for actual computation, in an obvious manner. 


For mensuration formulas, etc., all the entries are very convenient 


VII. NAPIERIAN OR NATURAL LOGARITHMS 


17. The Base e. — Natural Logarithms. The number e = 2.7182818 «. 
is called the natural base of logarithms. The logarithms of number 
to this base are given in Table VII at intervals of .01 from 0.01 t 
10.09, and at unit intervals from 10 to 409. The fundamental relatio: 
log, n = log, 10 x logio n enables us to transfer from the base 10 to the bas 
e, or conversely ; where log, 10 = 2.30258509. 


§ 19] FOUR-PLACE TABLES XVil 


A—B—C. FOUR-PLACE TABLES 


18. Four-place Tables. These are duplicates of the preceding five- 
place tables, reduced to four places, and with larger intervals between 
the tabulations. The value of such four-place tables consists in the greater 
speed with which they can be used, in case the degree of accuracy they 
afford is sufficient for the purpose in hand. 


A. Logarithms of Numbers. The only special feature of this table is 
that the proportional parts are printed for every tenth in every row; hence 
the logarithm of any number of four significant figures can be read directly, 
by a mental addition of the proportional part corresponding to the last 

figure. There may be an error of 1 in the last place in the result. 


B. Antilogarithms. Attention is called to the table of antilogarithms, 
in which the numbers corresponding to given logarithms are tabulated. 
This table, together with the accompanying four-place logarithm table, 
will be found to facilitate approximate calculations to a marked degree, 
especially when great accuracy is not necessary. Thus these tables are 
convenient in checking results found otherwise. The proportional parts 
are stated in the right-hand margin for each row separately ; hence the 
antilogarithm of a number of four significant figures can be read almost~ 
immediately, the addition of the proper correction being performed men- 
tally. - This arrangement, with the corresponding one in Table A, makes 
the tables effectively four-place each way. 


C. Values and Logarithms of Trigonometric Functions. In this table, 
the values of sin @, cos @, tan &, ctn @, and their common logarithms, 
are stated for each 10 minute interval in aw The characteristics of the 
logarithms are omitted, since they can be supplied readily from the value, 
as in the case of Table A. 


19. Sources and Checks used. In arranging all of these tables, several 
extant tables have been used as sources; and the proofs have been read 
against the standard seven-place tables of Vega, and at least one other 
table, or against at least two independent sources when the figures are 
not given by Vega. In all cases, the stereotyped plates have been proof- 
read five times, by three different persons. ' 

In case of apparent doubt, especially in the last place of decimals, the 
yalues have been recomputed, either by series or by the condensed fifteen- — 
place tables of Hoiiel. 

While errors may occur, it is believed that they must be purely typo- 
graphical ; in most cases such an error is revealed by the unreasonable 


differences it creates. 
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TABLE I 
COMMON LOGARITHMS OF NUMBERS 


FROM 


1 TO 10000 


TO 


FIVE DECIMAL PLACES 


1—100 


0 1.60 206 
1 | 0.00 1.61 278 : .90 84$ 
2 | 0.30103 | 22 | 1.34242 | 42 | 1.62325 | 62 | 1.79239 | 82 | 1.91 381 
3 | 0.47 é 3 | 1.63 347 1 
4 | 0.60206 | 24 | 1.38021 | 44 | 1.64 345 1 F 
5 | 0.69897.| 25 | 1.39794 | 45 | 1.65321 | 65 | 1.81291 | 85 | 1.92942 
6 | 0.77815 | 26 | 1.41497 | 46 | 166276 | 66 | 1.81954 | 86 | 1.93 450° 
7 | 0.84510 | 27 | 1.43136 | 47 | 1.67210 | 67 | 1.82607 | 87°| 1.93952 
8 | 0.90309 | 28 | 1.44716 | 48 | 1.68124 | 68 | 1.83251 | 88 | 1.94448 
9 | 9.95424 | 29 | 1.46240 | 49 | 1.69020 | 69 | 1.83885 | 89 | 1.94 939 __ 
10 | 1.00000 | 30 | 1.47712 | 50 | 1.69807 | 70 | 1.84510 | 90 | 1.95424 | 
_10 | 1.00000 | 30 | 1.47712 | 50 | 1.69897 | 70 | 1.84610 | 90 | 1.0 228 | 
11 | 1.04139 | 31 | 1.49136 | 51 | 1.70757 | 71 | 1.85126 | 91 | 1.95 904 
12 | 1.07918 | 32 | 1.50515 | 52 | 1.71600 | 72 | 1.85733 | 92 | 1.96 379 
13 | 1.11304 | 33 | 1.51851 | 53 | 1.72428 | 73 | 1.86332 | 93 | 1.96848 
14 | 1.14613 | 34 | 1.53148 | 54 | 1.73239 | 74 | 1.86923 | 94 | 1.97 313 
15 | 1.17609 | 35 | 1.54407 | 55 | 1.74036 | 75 | 1.87506 | 95 | 1.97772 
16 | 1.20412 | 36 | 1.55630 | 56 | 1.74819 | 76 | 1.88081 | 96 | 1.98 227 | 
17 | 1.23045 | 37 | 1.56820] 57-} 1.75587 | 77 | 1.88649 | 97 | 1.98677. 
18 | 1.25527 | 38 | 1.57978 |58 | 1.76343 | 78 | 1.89209 | 98 | 1.99123 | 
1.59106 | 59 | 1.77085 | 79 | 1.89763 | 99 | 1,99 564 


19 | 1.27875 | 39 
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6 | 24.6 | 24.0 | 23.4 
930 *004 7 | 28.7 | 28.0 | 27.3 
298 372 8 | 32.8 | 32.0 | 31.2 
664 137 9 | 36.9 | 36.0 | 35.1 
(120) 918) 954 | 990 /*027 |*063 |*099 /*135 [*171 |*207 [#243 ° 
386 458 38 | 37 | 36 
743 814 1| 38] 3.7] 38.6 
*096 *167 2 a Alri af. 
3 | 11.4 | 11.1 | 10. 
ail ot 4|15.2| 14.8 | 14.4 
795 864 
140 209 5 | 19.0 | 18.5 | 18.0 
6 | 22.8 | 22.2 | 21.6 
483 bD1 7 | 26.6 | 25.9 | 25.2 
823 890 8 | 30.4 | 29.6 | 28.8 
160 297 9 | 34.2 | 33.3 | 32.4 
428 | 461 | 494 561 
826 893 85 | 34 | 33 
156 222 1] 3.5] 34] 3.3 
o es 3|10.5|10:2| 9.9 
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381 1/ 32] 3.11 °30 
625 685 2] 64 6.2 6.0 
92 6| 9.3| 9.0 
a pol 4 | 12.8 | 12.4 | 12.0 
524 584 5 | 16.0 | 15.5 | 15.0 
6 | 19.2 | 18.6 | 18.0 
820 879 7 | 22.4 | 21.7 | 21.0 
114 173 8 | 25.6 | 24.8 | 24.0 
“19 | 28.8 | 27.9] 27.0 
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N. 0 é Prop: Pts, 
800 | 47712) 727 | 741 | 756 | 770 | 784 | 799 | Slo | 826 | ke 
o1| 357] 871 
02| 48001} 015 
o3| 144] 159 
04| 287] 302 
05| 430] 444 
06| 572] 586 
o7| 714] 728 
03] 855] 869 
_ 09) 996 /*010 |/*024 |*038_|*052 [F066 |F080 |*09S |F108 
10 | 49136] 150 
Se ee ee a5} 24 
11] 276| 290 
12] 415] 429 = es 
TS Sed ea 3| 45| 4.2 
14] 693| 707 4| 6.0) 56 
15| 831| 845 5| 7.5| 7.0 
16] 969] 982 6| 90] 84 
7|10.5| 9.8 
ee cel one 8 | 12.0 | 11.2 
ony St 9 | 13.5 | 12.6 
820} 515} 529 | 542 | 556 | 569 | 583 | 596 | 610 | 623 | 637_ 
21| 651| 664 
22| 786| 799 
23| 920] 934 
24| 51055 | 068 
25| 188) 202 
26| 322] 335 
27| 455| 468 
28] 587| 601 
29| 720] 733 
830) 851) 865 | 878 | 891 | 904 | 917 | 943 | 957 
31] 983| 996 13 | 12 
32 | 52114| 127 1| 1.31 12 
33|  244| 257 2| 26 24 
34) 375) 388 4| 5.2| 4.8 
35) 504) 517 5| 65| 6.0 
36} 634) 647 6| 7.8] 7.2 
37| 763| 776 7| 9.1| 84 
38| 892] 905 8| 10.4] 96 
39 | 53020 | 033 9 | 11.7 | 10.8 
340) 148) 161 | 173 | 186 | 199 
41| 275] 288 
42| 403] 415 
43| 529] 542 
44|  656| 668 
45| 782| 794 
46| 908] 920 
47 | 54.033 | 045 
48| 158| 170 
49| 283] 295 
350| 407| 419 
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8 400 — Logarithms of Numbers — 450 
n.| 0 
400 | 60 206] 217 | 228 | 239 | 249 | 260 | 271 | 
01} 314 
02) 423 
03| 531 
04] 638 
05| 746 
06] 853 
o7| 959 
08 | 61066 
_ 09] 172) 183 | 194 | 204 | 215 | 225 | 296 | 
410| 278 
11 384 
12| 490 
13] 595 
14] 700 
15| 805 
16| 909 
17 | 62014 
18| 118 
19| 221 
420 325 | 335 | 346 
21 428 
22! 531 
93} 634 
241 737 
25| $39 
26] 941 
27 | 63043 
98} 144 
29) 246 
430] 347 
31] 448 
32] 548 
33] 649 
34] 749 
35] 849 
36] 949 
37 | 64048 
38| 147 
39| 246 
440) 345) 355 | 365_ 
41) 444 <a ares 
42| 842 
43] 640 
441 738 
45] 836 
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11|10| 9 
1/ 1.1} 1.0 | 0.9 
2| 2.2) 2.0/1.8 
3 | 3.3 | 3.0 | 2.7 
4 | 4.4 | 4.0 | 3.6 
5 | 5.5 | 5.0 | 4.5 
6 | 6.6 | 6.0 | 5.4 
7| 7.7 | 7.0 | 6.3 
8 | 8.8 | 8.0 | 7.2 
919.9] 9.0 | 8.1 
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Prop. Pts. 


N. 0 1 2 3 


pe | as | ee | a | a | | | | 


600 | 77 815] 822 | 830 | 837 | 844 | 851 


01 887 | 895 | 902 | 909 | 916 | 924 | 931 
02 960 | 967 | 974 | 981 | 988 
03 | 78032} 039 | 046 | 053 | 061 | 068 | 075 


04 104] 111 | 118 | 125 | 132 | 140 | 147 
05 176 | 183 | 190 | 197 | 204 | 211 | 219 
06 247 | 254 | 262 | 269 | 276 | 283 | 290 


07 319} 326 | 333 | 340 | 347 | 355 | 362 
08 390 | 398 | 405 | 412 | 419 | 426 | 433 
09 462 | 469 | 476 | 483 | 490 | 497 | 504 


610 533] 540 | 547 | 554 | 561 | 569 | 576 


11 604 611 | 618 | 625 | 633 | 640 | 647 
12 675 | 682 | 689 | 696 | 704 | 711 | 718 
13 746 | 753 | 760 | 767 | 774 | 781 | 789 


620| 239] 246 | 253 | 260 | 267 | 274 | 281 

21}  309| 316 | 323 | 330 | 337 | 344 | 351 8/7) 6 
1/0.8|0.7| 0.6 
211.6} 1.4] 1.2 
3/2.4/21/18 
4/3.2/2.8| 24 
5| 4.0 | 3.5 | 3.0 
6| 4.8 | 4.21 3.6 
7\5.6|4.9| 4.2 
816.4| 5.6148 
9|7.2|6.3| 5.4 


N. 0 1 2 3 4 5 6 7 8 9 Prop. Pts. 


ie 650— Logarithms of Numbers—700 13 
ae 3 4 5 6 v4 8 9 


Prop. Pts. 


954 | 961 | 968 | 974 | 981 | 987 | 994 |*000 |*007 |*014 


82 020 | 027 | 033 | 040 | 046 | 053 | 060 | 066 | 073 | 079 
086 | 092 | 099 | 105 | 112 | 119 | 125 | 182 | 138 | 145 
151} 158 | 164 | 171 | 178 | 184 | 191 | 197 | 204 | 210 


217 | 223 | 230 | 236 | 243 | 249 | 256 | 263 | 269 | 276 
282 | 289 | 295 | 302 | 308 | 315 | 321 | 328 | 334 | 341 
347 | 354 | 360 | 367 | 373 | 380 | 387 | 393 | 400 | 406 


413] 419 | 426 | 432 | 439 | 445 | 452 | 458 | 465 | 471 
478 | 484 | 491 | 497 | 504 | 510 | 517 | 523 | 530 | 536 
543 | 549 | 556 | 562 | 569 | 575 | 582 | 588 | 595 | 601 


607 | 614 | 620 | 627 | 633 | 640 | 646 | 653 | 659 | 666 


672 | 679 | 685 | 692 | 698 | 705 | 711 | 718 | 724 
737 | 743 | 750 | 756 | 763 | 769 | 776 | 782 | 789 | 795 
802} 808 | 814 | 821°} 827 | 834 | 840 | 847-) 853 | 860 


866 | 872 | 879 | 885 | 892 | 898 | 905 | 911 | 918 | 924 
930] 937 | 943 | 950 | 956 | 963 | 969 | 975 | 982 | 988 


4 

s 
7 
a 


\ 


8 

ot 

é 

S 

é 

eS 

Ey 

§ 

¥ 

8 

=] 

& 

8 

é 

i) 

& 

5 

3 

Ke 

iS 
WOIDOB whos 
S SUP IP WL DH OS 
— WoOObTOHBRN 
SUR IP WON Hr SO 
PRoObacmane 


mf | |__| 


Prop. Pts. 


\\ 


~~ 
a. 
-_ oOo 


1| 0.7 | 0.6 | 0.5 
2/ 1.4] 1.2| 1.0 
3/2.1/1.8|1.5 
4/28] 2.4|2.0 
5|3.5|3.0| 2.5 
6 | 4.2| 3.6 | 3.0 
7|4.9|4.2| 3.5 
8 | 5.6 | 4.8 | 4.0 
916.31 5.4| 4.5 


.  %50—Logarithms of Numbers—800 15 
. 8 9 Prop. Pts, 


| 552 | 558 


610 | 616 
668 | 674 
726 | 731 


783 | 789 
841 | 846 
898 | 904 


955 | 961 
*013 |*018 
070 | 076 


127 | 133 


184 | 190 
241 | 247 
298 | 304 


355 | 360 
412 | 417 
468 | 474 


525 | 530 
581 | 587 
688 | 643 


694. | 700 


750 


mor) 
ao 


\\ 
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| | $$ J$ — | — | | ———_ ] —_ | — | -— 


800 — Logarithms of Numbers — 850 


Prop: Pts. 


a 
ao 


CO WAWR OP WhOH 
Pde I pe dll peta 
Ped RORmNS 
ie oh eS 
AOASUSUASH 


Nn -—S'-—s«: 830 — Logarithms of Numbers—900 
: Prop. Pts. 


7) 
or 
aS 


CUP IP OO WL EHS 
BON DOP OND 
PIP WOLDS 
Cro OS DO US 
WWNNWNEHOS 
ANWaPOaL ae 


478 | 483 


527 | 532 
576 | 581 
626 | 630 


675 | 680 
724 | 729 
773 | 778 


822 | 827 
871 | 876 
919 | 924 


968 | 973 


*OLT |*022 
066 
114 


163 


N. 0 Prop. Pts. 
900 | 95 424 
o1| 472 
02) 521 
03] 569 
04| 617 
05| 665 
06| 713 
o7| 761 
08| 809 
09| 856 
910} 90%] 909 | 914 || 918 |-923 | 928 | 985 | 998 | O82 
11} 952 
12] 999 |*004 
13 | 96.047 
14] 095 
15} 142 
16}. 190 
MTs 2 297 
18| 284 
19} 332 
920) 379) 384 | 388 | 393 | 398 | 402. 
aL 426 5 4 
‘ 473 1/05 | 04 
23) 520 2/10 | 08 
2) 56 5b | 12 
25 ah 4 | 2.0 | 1.6 
2%| 661 5 | 2.5 | 2.0 
6 | 3.0 | 24 
27| 708 7 | 3.5 | 2.8 
28] 755 8 | 4.0 | 3.2 
29| . 802 9/1451 36 
930| 848] 853 | 858 
31] 895 
32} 942 
33] 988 
34 | 97 035 
35| 081 
36] 128 
Bri) 174 
38| 220 
39] 267 
940) __ 313) 317 | 322 | 327 | 331_ 
41] 359 
42| 405 
43] 451 
44] 497 
5| 543 
589 
47| 635 
48| 681 
49| 727 
950 772 
N. 0 


H --—-«- 950 — Logarithms of Numbers—1000 19 
Lay asi 4 | 5 r] 8 | 9 


791. 


836 
882 
928 
973 
019 
064. 
109 
155 
200 
245 


290 
336 
381 
426 
471 
516 


561 
605 
650 


695 


740 | 744 
784 | 789 
825 | 829 | 834 


869 | 874.| 878 
914 | 918 | 923 
958 | 963 | 967 


#003 |*007 |*012 
047 | 052 | 056 
092 | 096 | 100 


Prop. Pts: - 


' 


OHNAOTBRWDH 
DIR oo WROTE EO 
aoocnow21concd & 
 PWNMNNEHOS 
ANWwkoOab air 


515 
555 | 559 


= ef ef | | | | 


20 


Logarithms of Important Constants 


TABLE Ia. 


NV = NuMBER 


7 
1+rT 
2 
VT 
e= Napierian Base 
Yr fi logyo e 
1+ M=log,10 
180 — ™ = degrees in 1 radian 
mw -- 180 = radians in 1° 
m -~- 10800 = radians in 1’ 


VALUE or V 


3.14159265 
0.31830989 
9.86960440 
1.77245385 
2.71828183 
0.43429448 
2.30258509 
57.2957795 
0.01745329 
0.0002908882 


{I 


LOGARITHMS OF IMPORTANT CONSTANTS 


LoGy) V 


0.49714987 
9.50285013 
0.99429975 
0.24857494. 
0.43429448 
9.63778431 
0.36221569 
1.75812262 
8.24187738 
6.4637261 


m + 648000 = radians in 1”” 
sin 1’ 
tan 1” 


0.000004848136811095 
0.000004848136811076 
0.000004848136811152 


4.68557487 
4.68557487 
4.68557487 


centimeters in 1 ft. 
feet in 1 cm. 
inches in 1 m. 
pounds in 1 kg. 
kilograms in 1 lb. 
& 


weight of 1 cu. ft. of water 
weight of 1 cu. ft. of air 
cu. in. in 1 (U.8.) gallon 
ft. lb. per sec. in 1 H.P. 
kg. m. per sec. in 1 H. P. 
watts in 1H. P. 


30.480 
0.032808 
39.37 
2.20462 
0.453593 


32.16 ft./sec./sec. 
= 981 cm./sec./sec. 
62.425 lb. (max. density) 


0.0807 1b. (at 32° F.) 


231. 
550. 
76.0404 
745.957 


1.4840158 
8.5159842 
1.5951654 
0.3433340 
9.6566660 
1.5073 
2.9916690 
1.7953+ 
8.907 , 
2.3636120 
2.7403627 
1.8810445 
2.8727135 


COMMON LOGARITHMS OF THE FIRST HUNDRED PRIME NUMBER: 


ee 


Log 


1 | 0000000000 T1 | 8512583 | 173 | 2380461 | 281 | 4487063 | 409 | 6117233 
2 | 3010299957 73 | 8633229 | 179 | 2528530 | 283 | 4517864 | 419 | 6222140 
8 | 4771212547 79 | 8976271 | 181 | 2576786 | 293 | 4668676 | 421 | 6242821 
5 | 6989700043 83 | 9190781 | 191 | 2810334 | 307 | 4871384 | 431 | 6344773 
7 | 8450980400 89 | 9493900 | 193 | 2855573 | 311 | 4927604 | 433 | 6364879 
11 | 0413926852 97 | 9867717 | 197 | 2944662 | 313 | 4955443 | 439 | 6424645 
13 | 1189433523 | 101 | 0043214 | 199 | 2988531 | 317 | 5010593 | 443 | 6464037 
17 | 2304489214 | 103 | 0128372 | 211 | 3242825 | 831 | 5198280 | 449 | 6522463 
19 | 2787536010 | 107 | 0203838 | 223 | 3483049 | 337 | 5276299 | 457 | 6599162 
23 | 8617278360 | 109 | 0374265 | 227 | 3560259 | 347 | 5403295 | 461 | 6637009 
29 | 4623979979 | 113 | 0530784 | 229 | 3598355 | 349 | 5428254 | 463 | 6655810 
31 | 4913616938 | 127 | 1038037 | 233 | 3673559 | 353 | 5477747 | 467 | 6693169 
37 | 5682017241 | 131 | 1172713 | 239 | 3783979 | 359 | 5550944 | 479 | 6803355 
41 | 6127838567 | 137 | 1367206 | 241 | 3820170 | 367 | 5646661 | 487 | 6875290 
43 | 6334684556 | 139 | 1430148 | 251 | 3996737 | 3873 | 5717088 | 491 | 6910815 
47 | 6720978579 | 149 | 1731863 | 257 | 4099331 | 879 | 5786392 | 499 | 6981005 
53: | 7242758696 | 151 | 1789769 | 263 | 4199557 | 383 | 5831988 | 503 | 7015680 
59 | 7708520116 | 157 | 1958997 | 269 | 4297523 | 389 | 5899496 | 509 | 7067178 
61 | 7853298350 | 163 | ‘2121876 | 271 | 4329693 | 397 | 5987905 | 521 | 7168377 
8260748027 | 167 | 2227165 | 277 | 4424798 | 401 | 6031444 | 523 | 7185017 


TABLE II 


MO MUA V AGO ES 


OF THE 


TRIGONOMETRIC FUNCTIONS 


FROM 


0° TO 90° AT INTERVALS OF ONE MINUTE 
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se 
FIVE DECIMAL PLACES 
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& | ! i 
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i fee Chart of the i?) Cop 
i Ga Trigonometric Functions 
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i, : <2 
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x 
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i Sal J L = : - - 
Pa ON 4 ‘ a 
tiny ° - 21 : td 
eet Zz ‘ 5 - . 


22 0° — Values of Trigonometric Functions — 1° [1 


' | Sin | Tan | Ctn_| Cos | 
0 | .01745 | .01746 | 57.290 | .99985 | 60 
i! 774 775 | 56.351 984 | 59 
2} 803} 804] 55.442/ 984) 58 
3 832 833 | 54.561 983 | 57 
4} 862)  862/53.709| 983) 56 
5 | .01891 | .01891 | 52.882 | .99982 | 55 
6 920 920 | 52.081 982 | 54 
7| 949] 949) 51.303] 981} 53 
8 | .01978 | .01978 | 50.549 980 | 52 
9 | .02007 | .02007 | 49.816 980 | 51 
10 | .02036 | .02036 | 49.104 | .99979 | 50 
11 065 066 | 48.412 979 | 49 
12 094 095 | 47.740 978 | 48 
13 123 124 | 47.085 977 | 47 
14 152 153 | 46.449 977 | 46 
15 | .02181 | .02182 | 45.829 | .99976 | 45 
16 211 211 | 45.226 976 | 44 
17 240 240 | 44.639 975 | 43 
18 269 269 | 44.066 974 | 42 
19] 298} 298) 43.508) 974) 41 
20 | .02327 | .02328 | 42.964 | .99973 | 40 
21 356 357 | 42.433 972 | 39 
22) 385] 386/41.916| 972) 38 
23 414 415 | 41.411 971 | 37 
24} 443] 444/40.917| 970) 36 
25 | .02472 | .02473 | 40.436 | .99969 | 35 
26 501 502 | 39.965 969 | 34 
27 530 531 | 39.506 968 | 33 
28 560 560 | 39.057 967 | 32 
29 589 589 | 38.618 966 | 31 
30 | .02618 | .02619 | 38.188 | .99966 | 80 
31 647 648 | 37.769 965 | 29 
82] 676) 677 | 87.358) 964] 28 
33] 705} 706 | 36.956) 963} 27 
34] 734] 735 | 36.563} 963 | 26 
85 | .02763 | .02764 | 36.178 | .99962 | 25 
86] 792] 793] 35.801) 961) 24 
37] 821] 822) 35.431] 960] 23 
38 850 851 | 35.070 959 | 22 
39 879 881 | 34.715 959 | 21 
40 | .02908 | .02910 | 34.368 | .99958 | 20 
41] 9388] 939) 34.027} 957] 19 
42} 967] 968 | 33.694] 956] 18 
43 | 02996 | .02997 | 33.366 | 955] 17 
44 | .03025 | .03026 | 33.045 954 | 16 
45 | .03054 | .03055 | 32.730 | .99953 | 15 
46} 083) 084] 32.421) 952] 14 
47 112 114 | 32.118 952 | 138 
48} 141) 143/ 31.821] 951] 12 
49} 170) 172) 81.528] 950] 11 
50 | .03199 | .03201 | 31.242 | .99949 | 10 
51} 228] 230] 30.960} 948] 9 
52] 257) 259} 30.683) 947] 8 
53] 286) 288} 30.412) 946] 7 
54) 316] 317} 30.145]; 945) 6 
55 | .03345 | .03346 | 29.882 | 99944] 5 
56] 3874) 3876] 29.624) 943] 4 
57] 403) 405) 29.371} 942] 3 
58} 482] 434) 29.122] 941] 2 
59] 461) 463] 28.877] 940) 1 
01745 | . .290 | 99 60 | .03490 | .03492 | 28.636 | .99939 | 0 


~ 


Cos | Ctn | Tan Cos | Cin | Tan | Sin 


Se, BEE) Vw # 
al - u i ‘ 
> 7 s ‘ A <s 


] 2°— Values of Trigonometric Functions—3° 23 
Tan | Ctn | Cos | | 


.99939_} 
938 
937 
936 
935 

99934 


Sin Tan 


05234 | .05241 
270 
299 
32 
35 


05387 
416 
445 
474 
503 

05533 
562 
591 | 
620 
649 

05678 


OMIA oem 4 


.04220 | 23.695 
250 532 
279 372 
308 214 
337 | 23.058 


.04366 | 22.904 
395 |  .752 
494) 602 
454| 454 
483] 308 

04512 | 22.164 
541 | 22.022 
570 | 21.881 
599| .743 
628|  .606 


21.470 


SOHNWHEE OAMSE 


06993 | 14.301 


Ctn. | Tan 


24 4°— Valnes of Trigonometric Functions — 5° [ 
Tan | Ctn Sin | Tan | Ctn 


06993 | 14.301 | . -08716 | .08749 | 11.430 | . 60 
-07022 241 745 | ° ‘ 
051 182 774 ‘ 58 
080 124 5 803 ‘ 57 
110 065 831 : 9 | 56 
07139 | 14.008 | . -08860 | . f ¢ 55 
168 | 13.951 : 54 
A9T BE 5 : 53 
227 i 3 li 52 
256 ‘ : A 51 
07285 127 | .O9TE A < , u 50 


~ 


OBHAKAAPPwWNorHo 


12.251 | .9966 : 

.207 ; 3|- ‘048 |" i: 
163 i OC i 18 
120} 66 .986 17 
077 .09¢ : 16 


.08749 | 11.480 
Ctn Tan 


> worn en ere OF eI MNS 


- Ctn 
9.5144. 
A878 


- 4352 
-4090 
9.3831 
3072 
8315 
3060 
-2806 


9.2553 
+2302 
-2052 
1803 
-1555 

9.1309 
«1065 
0821 
-0579 
0338 


9.0098 
8.9860 
-9623 
9387 
-9152 


8.8919 
-8686 
8455 
8225 
-7996 

8.7769 
1542 
7317 
7093 
-6870 

8.6648 
6427 
6208 
5989 
5172 


8.5555 
-5340 
5126 
4913 
4701 


8.4490 
4280 
4071 
3863 
8656 

8.3450 
3245 
3041 
2838 
-2636, 

8.2434 
2234 
-2035 
1837 
1640 

12278 | 8.1443 


Tan 


> — 


3a 


4614} ~ 


SrYPwWEEANHDMSO 


dora menue| = 


Sin 
12187 
216 
245 
274 
302 
123381 
360 
389 
418 
447 
12476 
504 
533 
562 
591 
«12620 
649 
678 
706 
735 
.12764 
793 
822 
851 
880 


-12908 
937 
966 

12995 

-13024 

13053 
081 
110 
139 
168 


13197 
226 
254 
283 
312 


13341 
370 
399 
427 
456 


13485 


514 
543 
572 
600 


.13629 
658 
687 
716 


(en? 


13773 
802 
831 
860 
889 


13917 


Cos 


12278 
308 
338 
367 
397 

12426 
456 
485 
B15 
B44 

12574 
603 
633 
662 
692 

12722 
751 
781 
810 
840 


12869 
899 


136 
13165 
195 
224. 
254. 
284 
13313 
343 
372 
402 
432 
13461 
491 


13906 
935 

965 

| .13995 
14024 
14054 


Cin 


Tan 


Ctn 


8.1443 
1248 
1054 
-0860 
.0667 


8.0476 
0285 
8.0095 
7.9906 
-9718 
7.9530 
9344 
9158 
8973 
-8789 


7.8606 
8424 
8243 
-8062 
7882, 

7.7704 
1525 
7348 
171 
-6996 

7.6821 
-6647 
6473 
6301 
6129 

7.5958 
5187 
5618 
5449 
5281 


7.5113 


Cos 


99255 
251 


-99200 
197 
193 
189 
186 


-99182 


=) 


i 


SRN WEREONDSOUR: 


26 8° — Values of Trigonometric Functions — 9° , 


Tan 
15838 
868 
898 
928 
958 |. 
-15988 } 6. 
-L601T }. ¢ 
047 
O77 
107 
-16137 
167 
196 


ar eee ey ey ie rh 


4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
a 
3 
2 
2 
2 
2 
2 
2 
2 
y 
2 
2 
I 
I 
I 
] 
1 
F 
] 
‘ 
i 
1 


a 10°— Values of Trigonometric Functions Loy ee 


Tan | Ctn | Cos ' ca Tan | Ctn 


.17633 | 5.6713 | .98481 0 | .19081 
393 - 663] .6617| 476 
499 693 | .6521 471 
451 723,| 6425 | 466 
479 753 | .6329| 461 

.17508 | .17783 | 5.6234 | .98455 
537 813] .6140] « 450 
565 843 | .6045 445 
594 873] .5951 440 
! 623 903 .5857 435 


-17651 | .17933 | 5.5764 | .98430 
680 963 | .5671 425 
708 | .17993 | .5578 420 
737 | 18023 |} .5485 414 

. 766 053 | .53893 409 


17794 | .18083 | 5.5301 | .98404 
823 113] .5209 399 
852, 143} .5118 394 
880 173 | .5026 389 
909 203 | .4936 383 


17937 | .18233 | 5.4845 | .98378 
966 263 | .4755 373 
17995 293 | .4665 368 
18023 323 | ..4575 362 
052 353 | .4486 357 


18081 | .18384 | 5.4397 | .98352 
109 414 | .4308 347 

- 138 444| 4219} 341 
166 474} .4131 336 
195} 504} .4043 331 


18224 | 18534 | 5.3955 | .98325 
252| 564] .3868] 320 
981| 594) .3781| 315 
309| 624] .3694/ 310 
 338|. 654| .3607] 304 

.18367 | .18684 | 5.3521 | .98299 
395| 714] .3435| 294 

-494| 745] .3349] 288 
 452| 775 | .8263| 283 
481} 805] .3178| 277 


18509 | .18835 | 5.3093 | .98272 
538 | 865] .3008 267 | 
567} 895] .2924 261 
595 925] .2839 256 
624 955 | .2755 250 


18652 | .18986 | 5.2672 | .98245 
681 | .19016 | .2588 240 
710 046 | .2505 234 
738 O76 | . .2422 229 
767 106 | .2339 223 


18795 | .19136 | 5.2257 | .98218 
824 166 | .2174 212 
852 197 | .2092 207 
881 227 | .2011 201 
910 257 | .1929 196 

.18938 | .19287 | 5.1848 | .98190 
967 317 | .1767 185 

18995 347 | .1686 179 

19024 | 378} .1606 174 
052 408 | .1526 168 


-.19081 | .19438 | 5.1446 | .98163 
Tan Sin 


a 
2 
3 
4 
5 
6 
7 
8 


CUR WN RO CLADARWNERS CHONAM RWS | ~ 


97992 
~ 987 | 2 
3 981 
-20022 | - DN ss 975 
051 . 969 | 


-20079 | .204: ; 97963 
108 ‘ 958 
136 : 952 
165 . 946 
193 «8 940 

20222 | . 8480 | .97934 

lame2s 

922. 

916 

910 


‘| £97905 
899 
893 
887 
881 


.97875 
869 
863 | 
857 
851 

.97845 
839 
833 
827 
821 

60} 20791 | . 4.7046 | -97815 | 


Cos Tan Sin 


1 


ons - \ 
Sopa ee AIMCO: 


ee ee ae ee Ae eee am See eet: CREE ESS Pe IO ESS 


Z 
7 


28 12°— Values of Trigonometric Functions—18°_ . 


_—— | —$— | | | | ———| 


| | 


' |) Sin 
0 | .20791 
u 820 
2 848 
3 8717 
4 905 
5 | .20933 
6 962 
7 | .20990 
8} .21019 
9 047 
10 | .21076 
11 104 
12 132 
13 161 
14 189 
15 | .21218 
16 246 
17 275 
18 303 
19 331 
20 | .21360 
21 388 
22 417 
23 445 
/ 24 474 
25 | .21502 
26 530 
27 559 
28 587 
29 616 
80 | .21644 
31 672 
32 701 
33 729 
34 758 
85 | .21786 
36 814 
37 843 
38 871 
89 899 
40 | .21928 
41 956 
42} .21985 
43 | .22013 
44 041 
45 | .22070 
46 098 
47 126 
48 155 
49 183 
50 | .22212 
51 240 
52 268 
53 297 
54 325 
55 | .22853 
56 382 
57 410 
58 438 
59 467 
60 | .22495 
Cos 


Tan Ctn 
21256 | 4.7046 
286 |} .6979 
316 | .6912 
347 | .6845 
377 | .6779 
21408 | 4.6712 
438 | .6646 
469 | .6580 
499 | .6514 
529| .6448 
21560 | 4.6382 
590} .6317 
621 | .6252 
651] .6187 
682 | .6122 
21712,| 4.6057 
743 | .6993 
773 | .5928 
804} .5864 
834} .5800 
21864 | 4.5736 
895 | .5673 
925 | .5609 
956 | .5546 
21986 | .5483 
22017 | 4.5420 
047 | .5357 
O78 | .5294 
108} .5232 
139} .5169 
22169 | 4.5107 
200} .5045 
231 | .4983 
261 | .4922 
292 | .4860 
22322 | 4.4799 
353 | .4737 
383 | .4676 
414] .4615 
444] .4555 
22475 | 4.4494 
505 | .4434 
536] .4373 
567 | .4313 
597 | .4253 
22628 | 4.4194 
658 | .4134 
689 | .4075 
719} .4015 
750 | .8956 
22781 | 4.3897 
811 | .3838 
842 | .3779 
872 | .3721 
903 | .3662 
22934 | 4.3604 
964.) .8546 
22995 | .38488 
23026 | .3430 
056 | .3372 
23087 | 4.3315 
Ctn | Tan 
17 


OS AS os 49 ks BO CO Ch cote CO cameo nh nae Pane oc O-oooroe Clea eee 


Pee ae 0s eee ce oe 2 ee cee 


' Sin 
0 | .22495 
1 523 
2 552 
3 580 
4 608 
§ | .22637 
6 665 
Y § 693 
8 722 
9 750 
10 | .22778 
chil 807 
12 835 
13 863 
14 892 
15 | .22920 
16 948 
17 | .22977 
18 | .23005 
19 033 
20 | .23062 
21 090 
22 118 
23 146 
24 175 
25 | .23203 
26 231 
27 260 
28 288 
29 316 
30 | .23345 
31 373 
32 401 
33 429 
34 458 
35 | .23486 
36 514 
37 542 
38 571 
39 599 
40 | .23627 
41 656 
42 684 
43 712 
dt 740 
45 | .23769 
46 797 
47 825 
48 853 
49 882 
50 | .23910 
ay 938 
52 966 
53 | .23995 
54 | .24023 
55 | 24051 
56 079 
BT 108 
58 136 
59 164 
60 | .24192 
Cos 


Tan Cin 
23087 | 4.3315 
117| .3257 
148 | .3200 
179 | .3143 
209 | .3086 
23240 | 4.3029 
271| .2972 
301] .2916 
332 | .2859 
363 | .2803 
23393 | 4.2747 
424 .2691 
455 | .2635 
485 | .2580 
516 | .2524 
23547 | 4.2468 
578 | .2413 
608 | .2358 
639 | .2303 
670 | .2248 
23700 | 4.2193 
731 | .2139 
762 | .2084 
793 | .2030 
823 | .1976 
23854. | 4.1922 
885 | .1868 
916] .1814 
946 | .1760 
-2397T | .1706 
-24008 | 4.1653 
039 | .41600 
069 | .1547 
100 | .1493 
181] .1441 
24162 | 4.1388 
193} .13385 
223} .1282 
254 | .12380 
285 | .1178 
.24316 | 4.1126 
347 | .1074 
377 | 1022 
408 | .0970 
439 | .0918 
24470 | 4.0867 
501} .0815 
532 | .0764 
562] .0713 
593 | .0662 
24624 | 4.0611 
655 | .0560 
686 | .0509 
717 | .0459 
747 | .0408 
-24778 | 4.0358 
809 | .0308 
840 | .0257 
871 | .0207 
902 | .0158 
24933 | 4.0108 
Ctn | Tan 


= 


25882 | .26795 | 3.7321 | .96593 


— | ———_—— 


3 | Sin | Tan | Ctn | Cos 
0 | .24192 | .24933 | 4.0108 | .970380 | 60 
1 220 | 964} .0058 023 | 59 
2 249 | .24995 | 4.0009 015 | 58 
53 277 | .25026 | 3.9959 008 | 57 |- 
4 305 056 | .9910} .97001 | 56 
5 | .24333 | .25087 | 3.9861 | .96994. | 55 
6 362 118] .9812 987 | 54 
V4 390 149} .9763 980 | 53 
8. 418 180} .9714 973 | 52 
9 446 211 | .9665 966 | 51 
0] .24474 | .25242 | 3.9617 | .96959 | 50 
aq 503 273 | .9568 952 | 49 
2. 531 3804} .9520 945 | 48 
| 559 3835 | .9471 937 | 47 
4 587 366 | .9423 930 | 46 
5 | .24615 | .25397 | 3.9375 | .96923 | 45 
6 644 428 | 9327 916 | 44 
7 672 459 | .9279 909 | 43 
8 700 490 | .9232 902 | 42 
9 728 521 9184 894 |} 41 
0 | .24756 | .25552 | 3.9136 | .96887 | 40 
1 784 583 | .9089 880 | 39 
2 813 614] .9042 873 | 38 
3 841 645 | .8995 866 | 37 
+ 869 676 | .8947- 858 | 36 
5 | .24897 | .25707 | 3.8900 | .96851 | 35 
6 925 738 | .8854 844 | 34 
7 954 769 | .8807 837 | 33 
8 | .24982 800 | .8760 829 | 32 
9 | .25010 8381] .8714 822 | 31 
0} .25038 | .25862 | 3.8667 | .96815 | 30 
1 066 893} .8621 807 | 29 
2 094 924 | .8575 800 | 28 
3 | 122 955 | ..8528 793 | 27 
A | 151 | .25986] .8482 786 | 26 
5 | .25179 | .26017 | 3.8436 | .96778 | 25 
6 207} ° 048] .8391 771 | 24 
7 235 079 | .8345 764 | 23 
oa 263 110} .8299 756 | 22 
$) 291. 141] .8254 749 | 21 
D | .25320 | .26172 | 3.8208 | .96742 | 20 
1 348 203 | .8163 734] 19 
2 376 235 | .8118 727 | 18 
3 404 266 | .8073 719 | 17 
f 432 297 | .8028 712) 16 
5 | .25460 | .26328 | 3.7983 | .96705 | 15 
} 488 359 | .7938 697 | 14 
‘ol 516 890] .7893 690 | 138 
3] 545 421) .7848 682 | 12 
} 573 452 | .7804 675 | 11 
) |} .25601 | .26483 | 3.7760 | .96667 10 
[ 629 615 |  .7715 660] 9 
J 657 546] .7671 653 | 8 
3 685 > 5TT | 1627 645) 7 
L 713 608 | .7583 638 | 6 
3 | .25741 | .26639 | 3.7539 | .96630| 6 
} 769 670 | .7495 623] 4 
; 798 701) .7451 615] 3 
3 826 733) .7408 608] 2 
) 854 764 | .7364 600] 1 
) 0} 
1 


— Ctn 


Tan 


‘Sin 


~ 


OWNAAMT Pwr eH oS 


ye —Values of Trigonometric Functions —15° 


Sin | Tan Ctn 


.25882 | .26795 | 3.7324 
910 826 | .7277 
938 857 | .723 
966 888} .7191 

25994 920] .7148 


-26022 | .26951 | 3.7105 
-26982 | .7062 
-7019 
6976 
6933 
3.6891 
.6848 
-6806 
-6764 
6722 
3.6680 
6638 
-6596 
6554 
6512 
3.6470 
6429 
6387 
6346 
-6305 
3.6264 
6222 
-6181 
6140 
-6100 


26724 | . 3.6059 
752 6018 


780 ¢ 5978 
808 >| .5937 
836 5897 


-26864 | . 3.5856 
-5816 
5776 
5736 
.28015 | .5696 
3.5656 
5616 
5576 
5536 
5497 
8.5457 
5418 
5379 
53839 


3.5261 
5222 
5183 
5144 
5105 

3.5067 
5028 
4989 
4951 
4912 


28675 | 3.4874 
Ctn Tan 


5300. 


30 16°—Values of Trigonometric Functions—17 


~ 
~ 


3.4874 
4836 


ODAAMT PWNS 
OCHOAAMAPwWHoH oO 


6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
a 
4 
4 
4 
4 
+t 
4 
4 
4 
4 
3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
y 
y 
y 
2 
1 
: 
' 
U 
] 
: 
é 
] 
: 
] 


SOrNWREAANOO 


= Ws 


AOAPWONEH OS ODASAPWNHHS 


FPO OonmN 


a ee me ee ee ee ee ee Ae eee Fee 


Ctn Cos 


3.0777 | 95106 


-0746 097 


.0716 088 | 


0686} 079 
0655 070 


3.0625 | .95061 
0595 052 
0565 043 
0535 033 
0505 024 


3.0475 | .95015 
-0445 | .95006 
-0415 | .94997 
0385 988 
0356 979 


3.0326 | .94970 
-0296 961 
0267 952 
0237 | . 943 
-0208 933, 

3.0178 | .94924 
0149 915 
0120 906 
-0090 897 
0061 888 


3.0032] .94878 
3.0003 869 
2.9974 860 
9945 851 
-9916 842 


2.9887 
-9858 
-9829 
-9800 
9772 


2.9743 


2.9042 | .94552 
Sin | 


= = 
lo RPNWwWEAANBDOSO 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


804 


82832 
859 
887 
914 
042 

32969 

-32997 

83024 
O51 
079 

03106 
134 
161 
189 
216 

00244 
271 
298 
326 
353 

33381 


60). 


36397 
Ctn 


Ctn 


2.9042 
.9015 
.8987 
8960 
8933 

2.8905 
.8878 
8851 
8824 
8797 

2.8770 
8743 
.8716 
8689 
8662 

2.8636 
8609 
8582 
.8556 
£8529 

2.8502 
8476 
8449 
8423 
8397 

2.8370 
8344 
.8318 
8291 
8265 

2.8239 
8213 
.8187 
8161 
8135 


2.8109 
8083 
/8057 
8032 
.8006 

2.7980 
1955 
7929 
7903 
7878 

2.7852 
7827 
7801 
1776 
‘T751 


2.1725 
-T700 


= 
te RPNHWRAQAANCCS aw 


~~ 


34202 | .86397 | 2.7475 
229 430 | .7450 
257 463 | .7425 
284 496 | .7400 
Bll 529] .7376 

) | .34339 | .36562 
366 595 
393 628 
421 661 
448 694 


Max 
co) 


| 40] .35293 | .37720 
| at[" 320] 154 


| 
60 35837 38386 


=| Sin Tan 
0| .37461 ar 
‘4 482 
. 516 
4 BSI 
4 585 
5 42619 
6 654 
7 688 
8 722 
9 751 
LO 42791 
1M 826 
12 860 
3 804 
Lt 929 
5 42963 
16 {42998 
a 143032 
Ls 067 
19 101 
10 43136 
21 170 
4 205 
23 239 
4 274 
5 43308 
6 343 
7 378 
8 412 
9 447 
0 43481 
1 516 
2, BBO 
3 585 
4. 620 
| .43654 
6 689 
7 794. 


758 
793 


43828 
862 
897 
932 

43966 


44001. 
036 
071 
105 
140 


44175 
210 
244 
279 
314 

44349 
384 
418 
453 
488 


44523 | 2. 91855.) 
Cin 


SS Se WN RO CeCNS oO Po Ne © 


SHN WRT AID 


D | 89073 | 42447 | 2.3559 


34 24°— Values of Trigonometric Functions — 25° 


42262 | .46631 
Cos . 


45397 
432 
467 
502 
538 

45573 
608 
643 
678 
713 

45748 
784 
819 
854 
889 

45924 
960 

45995 

46030 
065 

46101 
136 
171 
206 
242 

46277 
312 
348 
383 
418 

46454 
489 
525 
560 
595 


Ctn 


2.1692 
1675 


~~ 


CHAMONPWNHH OS 


42525 
552 
578 
604 
631 

42657 
683 


Tan 


46631 
666 
702 
737 
712 

46808 
843 
879 
914 
950 


46985 
47021 
056 
092 
128 
47163 
199 
234 
270 
305 


47341 
377 


Ctn 


2.1445 
-1429 
-1413 
-1396 
1380 

2.1364 
1348 
1332 
1315 
-1299 

2.1283 
-1267 
1251 
1235 
-1219 

2.1203 
-1187 
1171 
-1155 
1139 

2.1123 
1107 
-1092 
-1076 


Gs 09 G2 OO 


trop tw ww tow wow 


Tan 
.43837 | .48773 | 2.0503 | .89879 
863 809} .0488 867 | 
889 845 | .0473 854 
916 881 | .0458 841 
942, 917 | .0443 828 
.43968 | .48953 | 2.0428 | .89816 
43994 | .48989 | .0413 803 
-44020 | .49026 | .0398 790 
046 062 | .0383 Rat 
072 098 | .03868 764. 
44098 | .49134 | 2.0353 | .89752 
124 170} .0338 739 
(2 151 206 | .0323 726 
3 177 242] .0308 713 
4] 203 278 .0293 700 
5 | .44229 | .49315 | 2.0278 | .89687 
6 255 351 | .0263 674 
if 281 387 | .0248 662 
8 307 423 | .0233 649 
9 333 459| .0219 636 
0 | .44359 | .49495 | 2.0204 | .89623 
1 385 532 | .0189 610 
2 411 568 | .0174 597 
3 4387 604 | .0160 584 
+ 464 640] .0145 571 
5 | .44490 | .49677 | 2.0130 | .89558 
6} 516 713} .0115 545 
7 : 
8 
Q ‘ 
0 
1 
2 
3 
+ 
3] 
6 
ra 
8 
3) 
DY. 
1 
2 


3 

1 

5 

~ 

; 

} z 

)| .45140 | .50587 | 1.9768 | .89232 

i} 166| 623] .9754| 219 

2} 192] 660] .9740] 206 

31} 918} 696] .9725| 193 

nie 9491. 7334" {9711 | ° 180 

5 | .45269 | 50769 | 1.9697 | .89167 

;| 295] 806] .9683] 153 

r} 391] 843] .9669| 140 

3| 347] 879] .9654| | 127 

y} 373] 916] .9640| ‘114 

) | 45399 | 50953 | 1.9626 | .89101 
| Gos | Ctn | Tan | Sin 


O'COIS Hr Bomme| - 


Sin 
45399 
495 
451 
477 
503 
45529 
554 
580 
606 
6382 
45658 
684 


Ctn 

50953 | 1.9626 
50989 | .9612 
51026} .9598 
063] .9584 
099} .9570 
51136 | 1.9556 
173| .9542 
209 | .9528 
246 | .9514 
283 | .9500 
51319 | 1.9486 
356 | .9472 
393 | .9458 
430} .9444 
467 | .9430 
51503 | 1.9416 
540} .9402 
577 | .9388 
614] .9875 
651} .9361 
51688 | 1.9347 
724 | .9833 
761] .9319 
798 | .9806 
835 | .9292 
51872 | 1.9278 
909 | .9265 
946 | .9251 
51983 | .9237 
-52020 | .9223 
.52057 | 1.9210 
094] .9196 
131} .9183 
168 | .9169 
205 | .9155 
52242 | 1.9142 
279} .9128 
316 | .9115 
353} .9101 
890 | .9088 
52427 | 1.9074 
4644 .9061 
501} .9047 
538] .9034 
575 .9020 
.52613 | 1.9007 


8993 


52798 | 1. 
836 | .8927 
873 | .8913 
910) .8900 
947 | .8887 
52985 | 1.8873 
53022 | .8860 
059 | .8847 
096 | .8834 
. 184] .8820 
.53171 | 1.8807 


Cos 


89101 
087 
O74 
061 
048 

89035 
021 

-89008 

«88995 
981 

-88968 
955 
942 
928 
915 


88902 


.88363 
349 
336 
322 

- 808 

88295 | 


—_—_—_$_$_—_—_——= |_| 


o Rs Co Or D100 


.47076 | .53358 
101| 395 
127) 482) 4 
153} 470). 
¢ 178| 507 
O| .47204 | 53545 
i] 229] 582 
255) 620 
281| 657 
694 


OCKHAAT PWNS 


my ; j 
221 511] .53995 
2 ) 23), 537 54032 
| 24] 562} 070 
) | .47588 | 54107 
614] 145 
639] 183 
665) 220 

690° 


150 
175 | .54975 


5 
c, 
5: 
5 
5 
5: 
5 
4 
4 
4 
4 
4 
4 
4 
4 
d 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
fe 
2 
Ba 
2 
I 
“i 
a 
I 
1 
7 
fhe 
a 
] 
‘1 


SrPNWRA ANDO 


48481 | .55431 | 1. 
Cos 


~ 


30°— Values of Trigonometric Functions — 31° 


Sin Tan Cin 
-50000 | .57735 | 1.7321 
025 774} .7309 
050 813 | .7297 
076 851] .7286 
101 890 | .7274. 
50126 | .57929 | 1.7262 
151 | .57968 | .7251 
176 | .58007 | .7239 
201 046 | .7228 
227 085 | .7216 
50252 | .58124 | 1.7205 
217 162 | .7193 
302 . 201) .7182 
327 240} .7170 
352 279 .7159 
.503877 | .58318 | 1.7147 
403 357 | .7136 
428 396 | .7124 
453 435 | .7113 
478 474 | .7102 
50503 | .58513 | 1.7090 
528 552] .7079 
553 591 | .7067 
578 631 | .7056 
603 670 | ..7045 
50628 | .58709 | 1.7033 
654 748 | .7022 
CON sie) STOEL 
704 826] .6999 
729 865 | .6988 
50754 | .58905 | 1.6977 
779 944 .6965 
804 | .58983 | .6954 
829 | 59022 .6943 
854 061] .6932 |. 
50879 | .59101 | 1.6920 
904 140} .6909 
929 179 | .6898 
954. 218! .6887 
50979 258 | .6875 
51004 | .59297 | 1.6864 
29 336 | .6853 
054 3876 | .6842 
079 415 | .6831 
104 454 | . .6820 
51129 | .59494 | 1.6808 
154 533 | .6797 
179 573 | .6786 
204 612 | .6775 
229 651) .6764 
51254 | 69691 | 1.6753 
279 730 | .6742 
3804 770 | .6731 
329 809 | .6720 
854 849 | .6709 
.51379 | .59888 | 1.6698 
404 928 | .6687 
429 | .59967 | .6676 
454 | .60007 | .6665 
479 046 | .6654 
51504. | .60086 | 1.6643 
Tan 


86237 
222 
207 
192 
178 


86015 
-86000 
85985 
970 
956 


85941 
926 
911 
896 
881 
85866 
851 
836 
821, 
806 


-85792° 
TT 


762 |- 


747 
732 


«85717 
Sin 


aac meee le 


Sin 
.51504 
529 
554 
579 
604 
51628 
653 
678 
703 
728 


51753 


Tan 


-60086 
126 
165 
205 
245 


-60284 
324 
364 
403 
443 


60483 
522 
562 
602 
642 

-60681 
721 
761 
801 
841 


-60881 
921 
-60960 
-61000 
040 


-61080 
120 
160, 
200 
240 


.61280 
320 
360 
400 
440 


61480 
520 
561 
601 
641 

61681 


Ctn 


5379 | 
-5369 | 
“5359 


: 9 
.5477 | 83994 | 8 
5468] 978] 7 

693] .5458| 962] 6 
1.5448 | 83946] 5 
775 | .b438| 930] 4 
817| .5428]} 915] 3 
858 | .5418} 899] 2 
899] .5408} 883] 1 
| 1.5399 | 83867} 0 
Tan | Sin f 


fe] 

a 

‘ 

: z 
}-| 


ae 


- 34°— Values of Trigonometric Functions — 35° 


Sin 
0} .55919 
aa 943 
2 968 
3 | .55992 
4] .56016 
5 | .56040 
6 064 
ih 088 
8 112 
9 136 
.0| .56160 
{1 
12 
13 
{4 
5 
16 
[7 
L8 
9 


Tan 


67451 
493 
536 
578 
620 
67663 
705 
748 
790 
832 


-67875 
917 
-67960 
-68002 
045 
-68088 
130 
173 
215 
258 


68301 
343 
386 
429 
471 


-68514 
557 
600 
642 
685 


68728 
771 
814 
857 
900 


-68942 
68985 
69028 
071 
114 


69157 
200 
243 
286 
329 


69372 
416 
459 
502 
545 


69588 
631 


Ctn 
1.4826 


4816 | - 


4807 
4798 
4788 


1.4779 
4770 
4T61 
AT51 
AT42 


1.4733 
A724 
AT1I5 
AT05 
4696 

1.4687 
4678 
-4669 
4659 
-4650 

1.4641 
4632 
4623 
4614 
4605 

1.4596 
4586 
A5TT 
4568 
4559 


1.4550 
4541 
4532 
4523 
4514 


1.4505 


Tan 


55° 


57358 
381 
405 
429 
453 


T47T 
501 
524 
548 
572 


57596 


82659 
643 
626 
610 
593 


-82577 
561 
544 
528 
511 

82495 


59 
60 | .58779 


Cos 


Sin 


Tan 


-70021 
064 
107 
151 
194 

-70238 
281 
325 
368 
412 

70455 
499 
542 
586 
629 

-70673 
717 
760 
804. 
848 

T0891 
935 

T0979 

:71023 
066 

-71110 
154 
198 
242, 
285 

71329 
373 
417 
461 
505 


71549 
593 
637 
681 
725 

71769 
813 
857 
901 
946 


-71990 
-72034 
078 
122 
167 
12211 
255 
299 
344 
388 
-72432 
477 
521 
565 
610 


72654 
Ctn 


Ctn 


1.4281 
4273 
4264. 
4255 
4246 

1.4237 
4229 
4220 
4211 
-4202 


1.4193 
4185 
4176 
4167 
4158 


1.4150 
4141 
4132 
4124 
4115 

1.4106 
4097 
4089 
4080 
4071 

1.4063 
4054 
4045 
4037 
4028 


1.4019 


4011 | 
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3904 
3985 

1.3976 
3968 
3959 
3951 
3942 
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40 36° — Values of Trigonometric Functions—37° . | 


! ' Sin Tan Ctn Cos 
0 0 1.3270 | .79864 | 6 
1 1 3262 846 | 5: 
2 2 8254 829 | 5 
3 3 .3246 811] 5 
4 4 3238 793 | 5 
5 5 1.3230 | .79776 | 5. 
6 6 3222 758 | 5 
vg 7 .3214 741) 5 
8 8 8206 723 | 5: 
9 9 .3198 706 | 5 
1.3190 | .79688 | 5 
3182 671 | 4 
3175 653 | 4 
3167 635 | 4 
3159 618 | 4 
1.3151 | .79600 | 4 
3143 583 | 4 
3135 565 | 4 
3127 547 | 4 
3119 530 | 4 
1.3111 | .79512 | 4 
3103 494 | 3 
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.78129 
175 
222 
269 
316 

.78363 
410 
457 
504 
551 


18598 
645 
692 
739 
786 


-78834 
881 
928 

78975 

-79022 


-79070 
117 


-T9781 
829 
877 
924. 

-T99T2 


-80020 
067 
115 
163 
211 

-80258 
306 
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1.2799 
2792 
2784 
2776 
2769 

1.2761 
2153 
2746 
.2738 
2731 

1.2723 
2715 
.2708 
.2700 
.2693 

1.2685 


1.2349 
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63271 
293 
316 
338 
361 


63383 
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80978 
-81027 
075 
123 
171 
81220 
268 
316 
364 
413 
81461 
510 
558 
606 
655 
81703 
752 
800 
849 
898 
81946 
-81995 
82044 
092 
141 
.82190 
238 
287 
336 
385 
82434 
483 
531 
580 
629 


82678 
727 
776 
825 
874 

82923 

82972 

83022 
071 
120 

83169 
218 
268 


317 


366 


83415 
465 
514 
564 
613 


83662 
712 
761 
811 
860 


83910 
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286 
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192 
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154 
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973 | 3 
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ee ee ee pO POD HOD WNW SC www 


Sin {| Tan | Ctn a 
56! .86929 | 1.1504 
628 | .86980 | .1497 
650 | .87031L | .1490 
672 082) .1483 
694 133 | .1477 
65716 | .87184 | 1.1470 
738 236 | .1463 
759 287 | .1456 
781 338 | .1450 
803 389} .1443 
65825 | .87441 | 1.1436 
847 492 | .1430 
869 543 | .1423 
891 595 | .1416 
913 646 | .1410 
65935 | .87698 | 1.1403 
956| 749] .1396 
.65978 | 801 | .1389 
.66000 852 | .1383 
022 904 1376 
-66044 | .87955 | 1.1369 
066 | .88007 | .1863 
088 059 | .1356 
109 110 | .1349 
13 162 | .13438 
66153 | .88214 | 1.1336 
175 265 | .1329 
197 317 | .13823 
218 369 | .1316 
240 421) .1310 
66262 | .88473 | 1.1303 
284 524 .1296 
306 576 | .1290 
327 628 | .1283 
349 680 | .1276 
.66371 | .88732 | 1.1270 
393 784| .1263 
414 836.| .1257 
436 888 | .1250 
458 940} .1243 
.66480 | .88992 | 1.1237 
501 | .89045 | .1230 
523 O97 | .1224 
545 149} .1217 
566 201) .1211 
-66588 | .89253 | 1.1204 
610 306} .1197 
632 358 | .1191 
653 410} .1184 
675 463 | .1178 
-66697 | .89515 | 1.1171 
718 567 | .1165 
740 620 1158 
762 672 1152 
783 725 1145 
.66805 | .89777 | 1.1139 
827 830 | .1132 
848 883 1126 
870 935 | .1119 
891 | .89988 1113 
66913 | 90040 | 1.1106 
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956 
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5 | 67237 
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90040 | 1.1106 
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146 | .1093 
199 | .1087 
251 | .1080 


90304 | 1.1074 
307 | .1067 
410| .1061 
463 | .1054 
516} .1048 


-90569 | 1.1041 
621) .1035 
674 | .1028 
727 | .1022 
781 | .1016 


-90834 | 1.1009 
887 | .1003 
940 | .0996 

-90993 | .0990 

-91046 | .0983 


-91099 | 1.0977 
153 | .0971 


206 | .0964 | 


259 | .0958 
313 | .0951 


-91366 | 1.0945 
419 | .0939 
473 | .0932 
526 | .0926 
580 | .0919 

-91633 | 1.0915 
687 | .0907 
740 | .0900 
794 | .0894 
847 | .0888 


-91901 | 1.0881 
91955 | .0875 
-92008 | .0869 
062} .0862 
116} .0856 


-92170 | 1.0850 
224 | .0843 
277 | .0837 
331) .0831 
385 | .0824 


92439 | 1.0818 
493 | .0812 
547; .0805 
601} .0799- 
655 | .0793 


-92709 | 1.0786 
763 | .0780 
817 | .0774 
872 | .0768 
926) .0761 


-92980 | 1.0755 
-93034 | .0749 
088 | .0742 
143 | .0736 
197 | .0730 
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295 
276 
256 
237 
T4217 
198 
178 
159 
139 
74120 
100 
080 
061 
041 
T4022 
T4002 
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221 
242 
264 
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306 
360 
415 
469 
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1.0724 
0717 
0711 
0705 
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1.0692 
0686 
.0680 
0674 
.0668 


1.0661 
-0655 
0649 
.0643 
0637 

1.0630 
0624 
0618 
0612 
-0606 

1.0599 
0593 
0587 
0581 
0575 

1.0569 
.0562 
0556 
-0550 
0544. 


1.0538 
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0519 
0513 


1,0507 
0501 
0495 
.0489 
0483 


1.0477 
.0470 
0464 
0458 
0452 


1.0446 
0440 
0434 
0428 
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1.0416 
0410 
0404 
0398 
0392 


1,0385 
0379 
0373 
0367 
0361 


1.0355 
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-97020] . 
654 076 | .0301 752 | 51 
10 | .69675 | .97133 | 1.0295 | .71732 | 50 
11 696 189 | .0289 711 | 49 
12 717 246 | .0283 691 | 48 
13 737 302 | .0277 671 | 47 
14 758 359 | .0271 650 | 46 
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| 60 | .70711 | 1.0000 | 1.0000 | .70711 
Cos Ctn | Tan | Sin 


~|o HERO CR OI 100 


c 


TABLE III 


COMMON LOGARITHMS 


OF THE 


TRIGONOMETRIC FUNCTIONS 
FROM 
0° TO 90° AT INTERVALS OF ONE MINUTE 


TO 


FIVE DECIMAL PLACES. 


Note: To find log sina and log tana more precisely than by ordinary 
erpolation, for small values of a, if & is not a tabulated angle. 

Let ¢ be the first tabulated angle below w. Express both « and ¢ in the 
ne unit (minutes, or seconds, or any other convenient unit), Then 

log sin w& — log sin ¢ = log « — log#é, 
sroximately, at least to five decimal places if a<38° and a—t< lI’. 

Now log & and log ¢ can be found from Table I, and log sin ¢ is tabulated in ' 
ble Ill; hence log sin @ can be found. Thus to find log sin 1°12'.4, write 
[2/.4 = 72/.4, and arrange the computation as follows: 

log 72.4 = 1.85974 (Table T) 
log 72.0 = 1.85733 (Table I) 
(subtract) 0.00241 
log sin 1° 12’ = log sin 72’ = 8.382103 —10 (Table III) 
log sin 1° 12/.4 = log sin 72/.4 = 8.32344 — 10 (Required) 


Likewise log tan a — log tant = log w — log t, 


roximately, at least to five decimal places if «<3° and a—t<1’. The se 


thod of calculation is exactly as above. 
The cosines and cotangents of angles near 90° can be found by first reducing - 
m to sines and tangents of angles near 0°, Above 8° ordinary interpolation 
uite reliable, but the fifth place may be wrong in any interpolation process, 
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When the tabular differences are large, that method is usually better. 


‘ cosines or co 


a i 1° — Logarithms of Trigonometric Functions 


J | Lsin“| a | Ltan |cd| Let | Loos | 
0 | 8.24 186 717 | 8-24 192 zig | 1-75 808 | 9.99 993 | 60 
1} 8.24 903 706 | 8:24 910 706 | 225.090 | 9.99 993 | 59 720 710 690 
2 8.25 609 695 8.25 616 696 1.74 384 | 9.99 993 | 58 A aa en ioe 
Oe ben | 684 erie 684 Cae. 9.99 993 57 | 4/288 284 276 
. -673| > C 673 :73 004 | 9.99992 | 5615] 360 355 345 
5 | 8.27 661 | 543 | 8.27 669 | ..,| 1.72331 | 9.99992 | 55 | $| S32 4e8 488 
6 | 8.28 324 | 6-3 | 8.28 332 | 6-4, | 1.71668 | 9.99992 | 54) 8/576 568 552 
if eeake ga. | 8-28 986 | G44 | 1-71 014 | 9.99 992 | 53 91648 639 621 
9 | 8.30255 || 820263 || 1.60737 | Sopont | a1] , 860 ¢80 ex0 
Cee eT ee 625 ae 2] 132 130 128 
10 | 8.30 879 | 5,4] 8.30 888 | ,,,| 1.69112 | 9.99991 | 50] 3| 198 195 192 
11 | 8.31495 | go, | 8.31 505 g07 | 168495 | 9.99 991 | 49 5 ae a ee 
12 8.32 103 599 | 9-32 112 | £9, | 1.67 888 | 9.99990 | 48) 6} 396 390 384 
13 | 8.32 702 590 | 9-32 711 | 59) 1.67 289 | 9.99990 | 47 | 7| 462 455 448 
14 | 8.33 292 | £2, | 8.33 302 | £2, | 1.66 698 | 9.99990 | 46 | $| 238 B20 Bre 
15 | 8.33875 | .,.| 8.33886 | .-.| 1.66114 | 9.99 990 | 45 
16 | 8.34 450 | 5.2 | 8.34461 | 529 | 1.65539 | 999989 | 44] 610 600 590 
17 | 8.85018 | 5 | 8.35029 | -., | 1.64971 | 9.99989 | 43) 2) 122 120 118 
18 | 8.35578 | 2-,| 8.35590 | 2-, | 1.64410 | 9.99989 | 42 | 3) 383 380 377 
19 | 8.36 131 | -47 | 8.36143 | -16 1.63 857 | 9.99989 | 41] 5| 305 300 295 
20 | 8.36678 | 545 | 8.36689 | .4,| 1.63311 | 9.99988 |40] $| 359 359 273 
21 | 8.37 217 | 553 | 8.37 229 | 555 | 1.62771 | 9.99988 | 39] 8| 488 480 472 
22 | 8.37750 | 594 | 8.37 762 | 557 | 1.62238 | 9.99 988 | 38] 91549 540 631 
Br] SSH |e] SSSR |e TALIE | SII | 8] | we ae 
: 514| °° 514 ‘ 2/112 110 108 
25 | 8.39310 | xo. | 8.39 323 | coq | 1.60677 | 9.99987 | 85] 3] 168 165 162 
26 | 8.39818 | Foo | 8.39 832 | soo | 1.60168 | 9.99986 | 34] 4| 224 220 218 
27 | 8.40 320 | fog | 8-40 334 | Jog | 1-59666 | 9.99986 | 33] 6] 336 330 324 
28 | 8.40 816 | 49, | 8.40830 | 49; | 1.59170 | 9.99 986 | 32 z wee ia ae 
29 | 8.41307 | 49, | 8.41321 | 4g, | 1.58679 | 9.99985 | 31] § | 56 dos 486 
30 | 8.41792 | ggq | 8.41 807 | gq | 1.58 193 | 9.99 985 | 80 
B1 | 8.42272 | 474 | 8.42 287 | 475 | 1.57713 | 9.99985 | 29) | 510 500 _ 490 
B2 | 8.42746 | 470 | 8.42762 | 470] 1-57 288 | 9.99 984 | 28 | 2| 102 10) 98 
33 | 8.43216 | 444 | 8.43232 | 4g4 | 1.56768 | 9.99 2 | 5pe aaa 
34 | 8.43 680 | 459 | 8.43 696 | gq | 1.56 304 | 9.99984 | 26 | 5 | 255 30 24a 
B5 | 8.44139 | 45. | 8.44156 | 455 | 1.55 844 | 9.99983 |25]7| 357 350 343 
36 | 8.44594 | 459] 8.44611 | 459 | 1.55 389 | 9.99 983 | 24 3 ne 400 392 
37 | 8.45044 | 445 | 8.45061 | 44g | 1.54939 | 9.99 983 | 23 
$9) Spas || sasose || 1'pe0nn | .oogee | a1], 480 a80 440 
39 | 8.45930 | 43, | 8.45948 | 437 | 1. .99 982 egies ao 
40 | 8.46 366 | 493 | 8.46 385 | 439 | 1.53615 | 9.99 982 20 3 138 135 108 
41 | 8.46799 | go7 | 8.46817 | 49g | 1.53183 | 9.99981 | 19] 4) 184 380 358 
42 | 8.47 226 | 4o4 8.47 245 | 404 1.52 755 | 9.99981 | 18] 61976 270-264 
43 | 8.47 650 | 419 | 8.47 659 | 499 | 1-52 331 | 9.99 981 | 17 | 7 | 322 315 308 
44 | 8.48 069 | 436 | 8-48 089 | 436 | 1-51 911 | 9.99980 | 16] §| 212. 405 396 
45 | 8.48485 | 411 | 8.48505 | 419 | 1.51495 | 9.99980 | 15 
46 | 8.48 896 | 49g | 8.48917 | apg | 1-51 083 omer a 410 hd a 
4T | 8.49 304 | 494 | 8-49 325 | 4o4 | 1-50 675 ea “3 2 ae ‘ae use 
43 | 8.49708 | 4o9 | 8-49 729 | 491 | 1-50 271 | 9.95 abe ieee ee 
130 1.49 870 | 9.99978 | 11] 5 | 205 200 197.5 
49 | 8.50 108 | 39g | 8.50 Ae 5 | 205 200 197.5 
50 | 8.50504 | 393 | 8.50527 | 393 1.49473 | 9.99978 |10| 7 | 587 280 276:5 
B1 | 8.50 897 | 399 | 8.50 920 | 399 | 1.49080 | 9.99 977 8 o28 B20 any 
52 | 8.51 287 | 356 | 8.51310 | 3g¢| 1.48690 | 9.99 977 
53 | 8.51673 | ago | 8.51 696 | ag3| 1.48 304 | 9.99 977 hie gue are 
54. | 8.52055 | 379 | 8.52079 | 3g9 | 1-47 921 | 9. Cohen 
95.| 8.52 434 376'| 8.52 459 376 | 1.47 541-} 9.99 976 116 aa ves 
56 | 8.52810 | 373 | 8.52 835 | 373 | 1. : 


B7 | 8.53183 | 369 | 8.53208 | 370 | 1.46792 | 9.99 975 
58 | 8.53552 | ag7 | 8.53578 | 367 | 1.46 422 | 9.99 974 
59 | 8.53919 | 3¢3 | 8.53945 | 363 | 1.46055 | 9.99 974 


30 | 8.54 282 8.54 308 1.45 692 | 9.99974 | 0. 
| LGos | d | LCm |ea! LTan| LSin 
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361 | 1.45 331 
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of Trigonometric Functions [it 


Prop. Pts. 


2] 72 71.0 70 69.0 
3 | 108 106.5 105 103.5 
4| 144 142.0 140 0 
5 | 180 177.5 175 172.5 
6 | 216 213.0 210 207.0 
7 | 252 248.5 245 241:5 
8 | 288 ‘0 280 276.0 
9 | 324 319.5 315 310 
340 335 330 325 
2) 68 67.0 66 65.0 
3 | 102 100.5 99 
4 | 136 134.0 132 130.0 
5 | 170 167.5 165 162.5 
6 | 204 201:0 198 195.0 
7 | 238 234.5 231 227.5 
8 | 272 268.0 264 260.0 
9 | 306 301.5 297 292,5 
320 315 310 305 
2) 64 63.0 62 61.0 
3| 96 945 93 91.5 
4] 128 126.0 124 122.0 
5 | 160 157.5 155 152.5 
6 | 192 189.0 186 183.0 
7 | 224 220.5 217 213.5 
8 | 256 252.0 248 244.0 
9 | 288 283.5 279 274.5 
300 295 290 285 
2) 60 59.0 58 57.0 
3| 90 885 87 85.5 
4] 120 118.0 116 114.0 
5 | 150 147.5 145 142.5 
6 | 180 177.0 174 171.0 
7 | 210 206.5 203 199.5 
8 | 240 236.0 232 228.0 
9 | 270 265.5 261 256.5 
280 275 270 265 
2) 56 55.0 54 53.0 
3| 84 825 81 79.5 
4 | 112 110.0 108 106.0 
5 | 140 137.5 135 132.5 
6 | 168 165.0 162 159.0 
7 | 196 192.5 189 185.5 
8 | 224 220.0 216 212.0 
9 | 252 247.5 243 238.5 
260 255 250 245 
2) 52 510 50 49.0 
3| 78 76.5 75 73.5 
4 | 104 102.0 100 98.0 
5 | 130 127-5 125 122.5 
6 | 156 153.0 150 147.0 
7 | 182 1785 175 171.5 
8 | 208 204.0 200 196.0 
9 | 234 229.5 225 220.5 
Prop. Pts. 
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8.84 358 8.84 464 
8.84539 | 181 | 8.34646 
8.84718 | 179 | 8.34896 
8.84897 | 179 | 8.85 006 
8.85 075 178 | 8.85 185 
ap aa | 277 | 8.85 540 
8.85 605 | 176 | 8.85 717 
885780 | 175 | 8.85 893 
8.85 955 a 8.86 069 
8.86 128 8.86 243 
173 
Ran || 
8.86 645 | 271 | 8.86 763 
8.86 816 | 171 8.86 935 
sete || tame 
8.87 325 | 199 | 8.97 447 
8.87 494 | © | 8.87 616 
8.87 661 167 | 8.87 785 
ein tass 
8.88 161 | 166 | §.83 287 
8.88 326 Ve 8.88 453 
8.88 490 | 54 | 8.88 618 
Sassi | 263 | 8's8 048 
8.88 980 | 163 | sso 111 
8.89 142 ve 8.89 274 
8.89 304 | 16° | 8.89 er 
8.89 464 | 5,, | 8.89598 
8.89 625 8.89 760 


8.89 784 ~ 8.89 920 
soe 

8.89 943 | 195 | 8.90 080 

8.90 102 8.90 240 


8.90 260 8.90 399 
8.90417 | 157 | 8.90557 
8.90574 | 157 | 8.90715 
8.90730 | 156 | 8.90 872 
8.90885 | 155 | 8.91 029 


8.91040 | 5.. | 8.91 185 
91.195 | 392 | 8.91 340 
91349 | 198 | 8.91 495 
502 | 153 | 8.91 650 
655 8.91 803 
8.91 957 
959 - 8.92 110 
110 8.92 262 
8.92 414 
411 | 159 | 8.99 565 


149 | 892716 
710 | iq | 8-92 866 
859 | 148 | 8.93 016 
93 007 8.93 165 
8.93 154 | 147 | 8.93 313 


say | 8:93 462 
S908 | 48 | 8:93 756 
8.93740 | 146 | 8.93 903 
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1.15 536 
182,| 445 354 
180 | 4.15174 
180 | 1.14 994 
179 | 4.14 815 


1.14 637 
177 | 4.14460 
177 | 4,14 283 
176 | 4.14107 
_ 1.13 931 

| 1.13 757 
174 1 4.13583 
174 | 4.13 409 
172 | 1.13237 
sth 1.13 065 

1.12 894 
171 | 4.19793 
170 | 4.412.553 
169 | 1.12384 
ace 1.12 215 
167 | 112087 
iey | 1-11 880 

1.11713 
166 | 4.11547 
ane 1.11 382 
| 4.41217 
165 | 4.11 052 
163 | 7.10889 
163 | 1.10726 
ia 1.10 563 
19g | 110.402 
eg | 1-0 240 
top | 110.080 

1.09 920 
= 1.09 760 
15g | 1-09601 
138 | 1.09443 

1.09 285 
187 | 1(09 128 
tm 1.08 971 
155 | 1-08 815 
tee, | 1.08 660 
tee, | 1.08 505 
185 | 1.08 350 
123 | 1.08 197 
15g | 1-08 043 
igo | 1-07 890 
igo | 1.07 738 
ey | 1.07 586 
ter | 107 435 
150 | 1-07 284 
igo | 1-07 134 
tae | 1-06 984 
Lag | 1-06 835 
ig | 1.06 687 
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8.94 030 
| 8.94 174 
8.94 317 


| 
0 
1 
2 
3] 8.94461 
4| 8.94 603 
5 | 8.94 746 
6 | 8.94 887 
7 | 8.95 029 
8} 8.95 170 
9} 8.95 310 
10 | 8.95 450 
11 | 8.95 589 
12} 8.95 728 
13 | 8.95 867 
14 | 8.96 005 
15 | 8.96 143 
16 | 8.96 280 
17 | 8.96 417 
18 | 8.96 553 
19} 8.96 689 
20 | 8.96 825 
21 | 8.96 960 
22, | 8.97 095 
23 | 8.97 229 
24 | 8.97 363 
25 | 8.97 496 
26 | 8.97 629 
27 | 8.97 762 
28 | 8.97 894 
29 | 8.98 026 
30 | 8.98 157 
31 | 8,98 288 
32 | 8.98 419 
33 | 8.98 549 
34 | 8.98 679 
35 | 8.98 808 
36 | 8.98 937 
37 | 8.99066 
88 | 8.99 194 
39 | 8.99 322 
40. | 8.99 450 
41} 8.99 577 
42) 8.99 704 
43 | 8.99 830 
44) 8.99 956 
£5 | 9.00 082 
46 | 9.00 207 
AT | 9.00 332 
48 | 9.00 456 
A9 | 9.00 581 
90 | 9.00 704 
51} 9.00 828 
52 | 9.00 951 
53 | 9.01 074 
54. | 9.01 196 
5 | 9.01 318 
56 | 9.01 440 
57 | 9.01 561 
58 | 9.01 682 
59 | 9.01 803 
10 | 9.01 923 
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8.94 195 
hag | 8:94.340 
hag | 8:94 485 
Lip | 8:94 630 
tag | 8:94 773 
eso 
Lay | 8-95 060 
ig, | 8:95 202 
tao | 8:95 344 
Lig | 8:95.486 
139 | 8:95 627 
139 | 8:95 767 
i3g | 8:95 908 
iggy | 8-96 047 
138 | 8.96 187 
1a7 | 8:96 328 
igy | 8-96 464 
1g | 8:96 602 
Lop, | 8-96 739 
lop, | 8:96 877 
135 | 8:97 018 
ige | 8:97 150 
ioe | 8:97 285 
tog | 8.97 421. 
tag | 8:97 556 
13g | 8:97 691 
tag | 8-97 825 
Ian | 8-97 959 

8.98 092 
ie 8.98 225 
ig1 | 8:98 358 
tay | 898-490 
8.98 622 
130 | 8.98 753 
a 8.98 884 
199 | 8:99015 
ion | 8:99 145 
ioe, | 8:99 275 
log | 8:99.405 
tog | 8:99 534 
197 | 8:99 662 
oy 8,99 791 
Joy | 8-99 919 
9.00 046 
oe 9.00 174 
1og | 9:00 301 
ign | 9:00 427 
tog. | 9:00 553 
Fe | 9.00679 
oe 9.00 805 
124 | 9-00.980 
tog | 9:01 055 
toa, | 2-01 179 
igo, | 9:01 808 
iy | 2001 427 
199 | 9:01 550 
io | 9:01 673 
tot | 9:01 796 
ip | 9:01 918 
i909 | 9:02 040 
9.02 162 
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9.99-833 
9.99 832 
9.99 831 
9.99 830 
9.99 829 
9.99 828 
9.99 827 
9.99 825 

824 


9.99 806 
9.99 804 
9.99 803 
9.99 802 
9.99 801 
9.99 800 
9.99 798 
So to 
9.99 796 
9.99 795 
9.99 793 
9.99 792 
9.99 791 
9.99 790 
9.99 788 
9.99 787 
9.99 786 
9.99 785 
9.99 783 
9.99 782 


9.99 781 
9.99 780 
9.99 T78 
CSTE 
9.99 776 


9.99 775 
9.99 773 
9.99 772 
9.99 771 
9.99 769 
9.99 768 
9.99 767 
9.99 765 
9.99 764 
9.99 763 


9.99 761 
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10] 9.03 109 
11} 9.03 226 
12} 9.03 342 
13 | 9.03 458 
14 | 9.03 574 
15 | 9.03 690 
16 | 9.03 805 
17 | 9.03 920 
18 | 9.04 034 
19 | 9.04149 
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0.91 295 
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9.99 734 
9.99 733 
9.99 731 
9.99 730 
9.99 728 
9.99 727 
9.99 726 
9.99 724 
9.99 723 
9.99 721 


9.99 720 
9.99 718 
9.99 717 
9.99 716 
9.99 714 
9.99 713 
9.99 711 
9.99 710 
9.99 708 
9.99 T07 
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9.99 704 
9.99 702 
9.99 701 
9.99 699 
9.99 698 
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From the top: 


For 6°+ or 186°+, 
read as printed; for 
96°+ or 276°+, read 
co-function, . 


From the bottom: 


For 83°+ or 263°, 
read as printed; for 
173°+ or 353°+, read 
co-function. 
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9.08 589 
| 9.08 692 
9.08 795 
9.08 897 
9.08 999 


9.09 101 
9.09 202 
9.09 304 
9.09 405 
9.09 506 


9.09 606 
9.09 707 
9.09 807 
9.09 907 


9.10 106 
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12 236 
12 331 
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9.13 994 
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9,08 914 
9.09.019 
9.09 123 
9.09 227 
9.09 330 


9.09 434 
9.09 537 
9.09 640 
9.09 742 
9.09 845 
9.09 947 
9.10 049 
9.10 150 
9.10 252 
9.10 353 
9.10 454 
9.10 555 
9.10 656 
9.10 756 
9.10 856 
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0.91 086 
0.90 981 
0.90 877 
0.90 773 
0.90 670 
0.90 566 
0.90 463 
0.90 360 
0.90 258 
0.90 155 
0.90 053 
0.89 951 
0.89 850 
0.89 748 
0.89 647 
0.89 546 
0.89 445 
0.89 344 
0.89 244 
0.89 144 
0.89 044 
0.88 944 
0.88 845 
0,88 746 
0.88 647 


0.88 548 
0.88 449 
0.88 351 
0.88 253 
0.88 155 
0.88 057 
0.87 960 
| 0.87 862 


L Cos 
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9.99 675 
9.99 674 
9.99 672 
9.99 670 
9.99 669 


9.99 667 
9.99 666 
9.99 664 
9.99 663 
9.99 661 
9,99 659 
9.99 658 
9.99 656 
9.99 655 
9.99 653 
9.99 651 
9.99 650 
9.99 648 
9.99 647 
9.99 645 
9.99 643 
9.99 642 
9.99 640 
9,99 638 
9,99 637 
9.99 635 
9.99 633 
9.99 632 
9.99 630 
9.99 629 
9.99 627 
9.99 625 
9.99 624 
9.99 622 
9,99 620 
9.99 618 
9.99 617 
9,99 615 
9.99 613 
9,99 612 
9.99 610 
9.99 608 
9.99 607 
9.99 605 
9,99 603 


| 9.99 601 


9.99 600 
9.99 598 
9.99 596 
9.99 595 
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9.99 591 
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From the top: 


For Foor T8ict, 
read as printed ; for 
97°+ or 277°, read | 


co-function. 


From the bottom : 


For $2°+ or 262°+, 
read as printed ; for | 


172°+ or 352°+, read=| 
co-function. 
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9.14 803 9.15 236 
9.14891 | 88 | 9.15 327 
9.14980 | 89 | 9.15 417 
9.15 069 | 89 | 9.15 508 
9.15 157 ies 9.15 598 
9.15333 | 88 | 9:15 777 
9.15 421 | 88 | 9.15 867 
9.15508 | 87 | 9.15 956 
9.15 596 a 9.16 046 
a6 770 | 87 | 96 204 
9.15 857 o 9.16 312 
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9.16208 | 87 | 9:16 66 
9.16 289 | 86 | 9.16 753 
9.16 374 | 85 | 9.16 841 
9.16 460 86 | 9.16 928 
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9.16716 | 8° | 9.17190 
9.16 801 | 85 | 9:17 977 
9.16 886 9.17 363 
9.16970 | ,. | 9.17 450 
sara | St ear 
9.17 223 | 84 | 9.17 708 
9.17 307 | Sf | 9.17 794 
garam || gure 
9.17558 | §* | 9:18 051 
9.17 641 | 83 9.18 136 
9.17 724 | 83 | 9.18 221 
9.17 807 9.18 306 
9.17 890 = 9.18 391 
9.17 973 | 8 | 9.18 475 
gun | bua 
9.18220 | .4 | 9.18728 
subs || Saba 
9.18 465 . 9.18 979 
9.18 547 | SF | 9.19063 
9.18 628 | ., | 9.19 146 
9.18 709 | $1 | 9.19 229 
SHO || Say 
9.18 952 gt | 9.19 478 
guat | m | 2303 
9.19 193 9.19 725 
9.19 273 Se 9,19 807 
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0.80 605 
0.80 522 
0.80 439 
0.80 357 
0.80 275 
0.80 193 
0,80 111 
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9.99 575 
9.99 574 
9.99 572 
9.99 570 
9.99 568 
9.99 566 
9.99 565 
9.99 563 
9.99 561 
9.99 559 


9.99 557 
9.99 556 
9.99 554 
9.99 552 
9.99 550 
9.99 548 
9.99 546 
9.99 545 
9.99 543 
9.99 541 
9.99 539 
9.99 537 
9.99 535 
9.99 533 
9.99 532 


9.99 530 
9.99 528 
9.99 526 
9.99 524 
9.99 522 
9.99 520 
9.99 518 
9.99 517 
9.99 515 
9.99 513 


9.99 511 
9.99 509 
9,99 507 
9.99 505 
9.99 503 
9.99 501 
9.99 499 
9.99 497 
9.99 495 
9.99 494. 


9.99 492 
9.99 490 
9.99 488 
9.99 486 
9.99 484 
9.99 482 
9.99 480 
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92 | 91 | 90 | 89 


2 | 18.4 | 18.2 | 18.0 | 17.8 
3 | 27.6 | 27.3 | 27.0 | 26.7 
4 | 36.8 | 36.4 | 36.0 | 35.6 
5 | 46.0 | 45.5 | 45.0 | 44.5 
6 | 55.2 | 54.6 | 54.0 | 53.4 
7 | 64.4 | 63.7 | 63.0 | 62.3 
8 | 73.6 | 72.8 | 72.0 | 71.2 
9 | 82.8 | 81.9 | 81.0 | 80.1 
88 | 87 | 86 
2| 17.6 | 17.4| 17.2 
3 | 26.4 | 26.1 | 25.8 
4 | 35.2 | 34.8 | 34.4 
5 | 44.0 | 43.5 | 43.0 
6 | 52.8 | 52.2 | 51.6 
7 | 61.6 | 60.9 | 60.2 
8 | 70.4 | 69.6 | 68.8 
9 | 79.2 | 78.3 | 77.4 
85 | 84 | 83 
2| 17.0 | 16.8 | 16.6 
3 | 25.5 | 25.2 | 24.9 
4 | 34.0 | 33.6 |'33.2 
B | 42.5 | 42.0 | 41.5 
6 | 51.0 | 50.4 | 49.8 
7 | 59.5 | 58.8 | 58.1 
8-| 68.0 | 67.2 | 66.4 
9 | 76.5 | 75.6 | 74.7 
82 | 81] 80 
2 | 16.4 | 16.2 | 16.0 
3 | 24.6 | 24.3 | 24.0 
4 | 32.8 | 32.4 | 32.0 
5 | 41.0 | 40.5 | 40.0 
6 | 49.2 | 48.6 | 48.0 
7 | 57.4 | 56.7 | 56.0 
8 | 65.6 | 64.8 | 64.0 
9 | 73.8 | 72.9 | 72.0 


From the top : 


For 8°+ or 188°+, read 
as printed ; for 98°+ or 
278°+, read co-function. 


From the bottom: 


For 81°+ or 261°, 
read as printed; for 
171°+ or 351°+, read 
co-function. 


Prop. Pts. 


81°— Logarithms of Trigonometric Functions’ 


-- 9° — Logarithms of Trigonometric Functions BB 
]_E Sin 


L Tan L Cos 


ced) LCtn Prop. Pts. 


9.19 433 9.19971 | .. | 0.80029 | 9.99 462 | 60 
| 9.19513 9.20 053 | 8? | 0.79 947 | 9.99 460 


9.20 134 | 8! | 0.79 866-| 9.99 458 
9.20 216 | 82 | 0.79784 | 9.99456 
9.20297 | 8! | 0.79703 | 9.99 454. 


9.20 378 0.79 622 | 9.99 452 
9.20 459 oF 0.79 541 | 9.99 450 
9.20 540 0.79 460 | 9.99 448 
9.20621 | 81 | 0.79379 | 9.99-446 
9.20701 | 8° | 0.79299 | 9.99 444 
9.20 782 0.79 218 | 9.99 442 
9.20 862 | 8° | 0.79138 | 9.99440 
9.20 942 | 8° | 0.79058 | 9.99438 


9.19 592 
9.19 672 
9.19 751 


9.19 830 
9.19 909 
9.19 988 
9.20 067 
9.20 145 


9.20 223 
| 9.20 302 


sa] | 82 | 81) 80) 79 


16.4 | 16.2 | 16.0 | 15.8 
24.6 | 24.3 | 24.0 | 23,7 
32.8 | 32.4 | 32.0 | 31.6 
40.5 | 40.0 | 39.5 
49.2 | 48.6 | 48.0 | 47.4 
57.4 | 56.7 | 56.0 | 55.3 


a 

i=) 
CoONnaoarwhr 

rs 

pa 

So 


9.21 022 | 89 | 0.78978 | 9.99436 | 47 65.6 | 64.8 | 64.0 | 63.2 
9.21 102 - 0.78 898 | 9.99 434 | 46 73.8 | 72.9 | 72.0 | 71.1 
: 9.21182 |. | 0.78818 | 9.99 432 
3 9.21 261 0.78 739 | 9.99 429 | 44 
: 9.21 341 | 8° | 0.78659 | 9.99 497 | 43 78) 77) 16) %5 
3 9.21 420 | 7° | 0.78 580 | 9.99425 | 42] 9 | 15.6 | 15.4 | 15.2 | 15.0 
; 9.21 499 oe | 0.78 501 | 9.99423 | 41] 3 | 93.4 | 23.1 | 22.8 | 29.5 
2 9.21 578 0.78 422 | 9.99421 | 40] 4| 31.2 | 30.8 | 30.4 | 30.0 
2 9.21 657 | 79 | 0.78343 | 9.99419 | 39] 5 | 39.0 | 38.5 | 38.0 | 37.5 
9.21 153 9.21 736 | 79 | 0.78 264 | 9.99417 | 38] 6 | 46.8 | 46.2 | 45.6 | 45.0 
9.21 229 9.21 814.| 78 | 0.78186 | 9.99415 | 37| 7 | 54.6 | 53.9 | 53.2 | 52.5 
9.21 306 9.21 893 iw 0.78107 | 9.99413 | 36| 8| 62.4 | 61.6 | 60.8 | 60.0 
9.21 382 9.21971 | 7. | 0.78029 | 9.99411 | 35 9170.2 | 69.3 | 68.4 | 67.5 
G . . « 
ee Soothe 78 OT 873 9.99 407 
9.21 610 9.22205 | 78 | 0.77795 | 9.99 404 
9.21 685 9.22283 | 78 | 0.77 717 | 9.99402 | 31] 9} 14.3 | 14.6 | 14.4| 14.2 
9.21 761 0. 30| 3 | 22.2 | 21.9} 21.6 | 21.3 
9.21 836 0. .s 29 | 4 | 29.6 | 29.2 | 28.8 | 28.4 
| 9.21 912 0. : 28 | 5 | 37.0 | 36.5 | 36.0 | 35.5 
i 0. GO: 27 | 6 | 44.4 | 43.8 | 43.2 | 42.6 
9.22, 670 ZS 0.77 330 | 9.99392 | 26] 7 | 51.8 | 51.1 | 50.4 49.7 
9.22. 747 0.77 253 | 9.99390 | 25 | 8 | 59.2 | 58.4 | 57.6 | 56. 
9.292.824 | 77 | 0.77176 | 9.99388 | 24] 9 | 66.6 | 65.7 | 64.8 | 63.9 
9.22.901 | 77 | 0.77 099 | 9.99 385 | 2: 
9.22977 | 76 | 0.77023 | 9.99 383 
9.23 054 be 0.76 946 | 9.99 381 
9.23130 | _, | 0.76 870 | 9.99379 
9.23 206 te 0.76 794 9.99 317 19 
9.23 283 0.767 , ; 
9.23 359 | 76 | 0.76641 | 9.99372 | 17] From the top: 
9.23435 | 7° | 0.76 565 sae - For 9°+, or 189°+, read 
9.23 510 0.76 490 | 9. ; : Of 
9.23586 | 78 | 0.76414 | 9.99 366 | 14] 35 Printed ; pee deer 
9.23661 | 75 | 0.76339 | 9.99364 |'13 | 279°+, read co-function. 
9,23 737 ise 0.76 263 | 9.99 362 
9.23812] 7* | 0.76 188 eee Lisl} ah eae Renee 
9.23 887 0.76113 | 9. 
9.23 962 e 0.76 038 | 9.99 355 For 80°+ or 260°+, 
9.24037 | 7? | 0.75 963 | 9.99 353 Tend “as pelncdeen tes 
SBIR | TE /O7B8e8 | 948501 | 7 Tro or 860°, read 
24.186 ’ : 
— 75 0.75 9.99 346 co-function. 
0.7 


9.24410 | 7 | 0.75590 
9.24 484 | 74 | 0.75 516 
9.24 558 0.75 442 


9.24 632 Ie 0.75 368 
LCtn |cd} LTan 


% - 80° — Logarithms of Trigonometric Functions 


ee a ee ee ee ee 


- —<s 4 


56 


fu 


10°— Logarithms of Trigonometric Functions 


CHOAAIAPwWNWeS 


= 
to 
r=¢ 


Be SEs 


Sa SEk8 FEES BAS 


i 2 b2 bo 
855 238 


38 


RERRN RENN RRNNN Nipiotols boistotots lpipivivls bebe boieis totototols botyieis 
an 
Se 


DOOOO OOGOGOOO DOOD GOCOO WOOOO OOOO OOOO WOOO OOOO! 


e832 


© 
iS 
3 


L Cos 


72 
73 
72 
73 
72 
70 72 
70 72 
69 72 
70 72 
69 71 
69 72 
69 71 
69 72 
69 71 
69 71 
69 "7 
68 71 
69 70 
68 2 71 
68 9. 71 
68 9.26 rd 70 
68 9.96 9: 70 
68 9.27 my 71 
68 ‘ 70 
9.27 
68 70 
67 9.27 70 
gs | 9-27 :218 | 70 
a7 | 2:27 288 
9.27 357 | 69 
67 70 
o7 | 9:27 427 | 70 
9.27 496 
67 9.27 566 70 
67 ‘ 69 
9.27 635 
67 69 
9.27 704 
87 | 9.97773 | 89 
66 ° 69 
o7 | 9:27 842 | , 
9.27911 | ®9 
66 69 
@7 | 2:27 980 | 6 
6 9 
9.28 049 
66 68 
9.28 117 
66 69 
66 | 9:28186 | og 
9.28 254 
66 69 
be | 9-28 323 
‘ 68 
9.28 391 
os | Sao | 8 
65 | 9-28527 | 65 
gs | 9-28 595 | & 
7 
be | 9:28 662 
68 
es | 9°28.730 
9.28 798 | ®8 
65 67 
__|_9.28 865 
d| LCtn 


74 345 


~~ 
i 
—s 
S 


-73 842 
3 699 


AAAS AN 


3 486 


-73 133 
-73 063 


oes a9 55 Bd 9 tg 
oo 


: 


RPRNNN NNNWN 
to 
ws 
a 


-71 746 


Sieisya Fu R Rone Ree Fete eerie 


OS SHSOS SSOSS SSSSS S9999 S995 S9999 S9999 99999 SS5909 Sooo: 
_ 
rs 
R 


9.99 313 
9.99 310 
9.99 308 
9.99 306 
9.99 304 
9.99 301 
9.99 299 
9.99 297 
9.99 294 
9.99 292 
9.99 290 
9.99 288 
9.99 285 
9.99 283 
9.99 281 


9.99 278 
9.99 276 
9:99 274 
9.99 271 
9.99 269 


9.99 267 
9.99 264 
9.99 262 
9.99 260 
9.99 257 


9.99 255 
9.99 252 
9.99 250 
9.99 248 
9.99 245 


NONNANAWANAN NWNHWDN NWNWNH NWNNWANWNHNWANNWANNH WNNWON NNWNN WHNHNHWNNHNWN NNWHYD 


74.1 798 1% 
2] 14.8 | 14.6 | 1: 
3 | 22.2 | 21.9 | 2 
4 | 29.6 | 29.2 | 2 
5 | 37.0 | 36.5 | 3 
6 | 44.4 | 43.8 | 4: 
7 | 51.8 | 51.1 | 5 
8 | 59.2 | 58.4 | 5 
9 | 66.6 | 65.7 | 6 
¥1 1) YOym 
2 | 14.2 | 14.0 | 1 
3 | 21.3 | 21.0 | 2 
4 | 28.4 | 28.0 | 27 
5 | 35.5 | 35.0 | 3 
6 | 42.6 | 42.0 | 41 
7 | 49.7 | 49.0 | 4§ 
8 | 56.8 | 56.0 | Be 
9 | 63.9 | 63.0 | 6: 
68 | 67 | € 
2 | 13.6 | 13.4 | 1: 
3 | 20.4 | 20.1 | 1 
4 | 27.2 | 26.8 | 2¢ 
5B | 34.0 | 33.5 | 3: 
6 | 40.8 | 40.2 | 3 
7 | 47.6 | 46.9 | 4¢ 
8 | 54.4 | 53.6 | 5s 
9 | 61.2 | 60.3 | 5 
65 | 3 
2] 13.0 | 0.6 
3 | 19.5 | 0.9 
4 | 26.0 | 1.2 
5 | 32.5 | 1.5 
6 | 39.0 | 1.8 
7 | 45.5 | 21 
8 | 52.0 | 2.4 
9 | 58.5 | 2.7 


From the top: 


For 10°+ or 190 
read as printed ; 
100°+ or 280°+, r 
co-function, 


From the bottom 

For 79°+ or 259 
read as printed; 
169°+ or 849°+, 1 
co-function. 


CrNwWRaE ANIMES 


Prop. Pts. 


79° — Logarithms of Trigonometric Functions 


L Cos 


d 


| —[_ —<— | ———— | |__| __ 


LS8in | d| LTan 
9.28 060 9.28 865 
9.28 125 | ®© | 9.98 933 

| 9.28 190 | ® | 9.29 000 
| 9.28 254 | 841 9 99 067 
| 9.28 319 ae 9.29 134 
| 9.28 384 9.29 201 
| 9.28 448 | © | 9.99 268 
| 9.28512 | ®* | 9.99335 
9.28 577 | © | 9.99 402 
9.28 641 ‘ 9.29 468 
9.28 705 9.29 535 
9.28 769 | ®* | 9.99 601 
| 9.28 833 | 6 | 9.99 668 
| 9.28 896 | 88 | 9,99 734 
9.28 960 ne 9.29 800 
9.29 024 9.29 866 
9.29 087 | 8 | 9.99 932 
9.29 150 | 8° | 9.29 998 
9.29 214 | ®* | 9.30 064. 
9.29 277 9.30 130 
9.29 340 9.30 195 
9.29 403 | ®8 | 9.30 261 
9.29 466 | ® | 9.30 326 
9.29 529 | ®8 | 9.30 391 
9.29 B91 . 9.30 457 
9.29 654 | 0 | 9.30522 
9.29716 | © | 9.30587 
9.29779 | ® | 9.30 652 
9.29 341 | © | 9.30717 
9.29 903 = 9.30 782 
9.29 966 9.30 846 
9.30 028 | ® | 9.30911 
9.30090 | 8 | 9.30975 
9.30 151.| 54 | 9.81 040 
9.30 213 a 9.31 104 
9.30 275 | 4, | 9.31 168 
9.30 336 | go | 9.31233 
9.30 398 9.31297 
9,30 459 | © | 9.31 361 
9,30 521 = 9.31 425 
9.30 582 | ., | 9.31 489 
9.30 643 | Ot | 9.31 552 
9.30 704 |,°! | 9.31 616 
9.30.765 | ©! | 9.31679 
9.30 826 43 9.31 743 
9.30 887 | ¢, | 9-31 806 
9.30 947 | 5) | 9.31 870 
9.31 008 9.31 933 
9.31068 | © | 9.31996 
9.31 129 ba 9.32, 059 
9.31189 | ,, | 9.32 122 
9.31 250 9.32 185 
9.31 310 | © | 9.32 248 
9.31370 | © | 9.32 311 
9.31 430 ye 9.32 373 
9.31490 | ,, | 9.32 436 
9.31 549 | 6 | 9.32498 
9.31 609 | 65 4 9-32 561 
9.31 669 | F> | 9.32 623 
9.31728 | 55 | 9.32 685 
9.31 788 9.32 747 


LGos | d/ LCtn ‘cd| LTanj LSin 
f: 78° — Logarithms of Trigonometric Functions 


SOS SSSSS SSSSS 99999 S999 SS999 99999 SSS59 E9995 


0933 


-70 134 


-70 002 
.69 936 


-69 609 


69 348 


iss} 
co 
et) 


8 960 


AAD AAD 
[o"oe'e) 
ae 
AS 


ios} 
-] 
S 
OX 


68 639 


QR 
oo 
or 
=<] 
a 


6 

68 448 
68 384 
6 


-68 130 
.68 004 


6 
.67 564 
67 502 


Sew = ee SO Se SSscs SS 


9.99 195 
9.99 192 
9399)290) 
9.99 187 
9.99 185 
9.99 182 
9.99 180 
9.99 177 
9.99175 
9.99 172 
9.99 170 
9.99 167 
9.99 165 
9.99 162 
9.99 160 
9.99 157 
9.99 155 
9.99 152 
9.99 150 
9.99 147 
9.99 145 
9.99 142 


cos 
coc 
ee 
bo bo 
Roy's 


3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
3 
2 
3 
2 
3 
2 
3 
3 
2 
3 
2 
3 
3 
2 
3 
2 
3 
3 
2 
3 
3 
2 
3 
3 
2 
3 
3 
2 
3 
3 
2 
3 
3 
d 


11 


= 
~|o PNW AAWACO OS 


for) 
oo 
for) 
a 
f=r] 
for) 


OMONG OP Ob 

oo 

sg 

o 

oo 

w 

oO 
BoObDaor chk 


iy 
a 
>) 
rs 
co 
io) 
Sun Ge oe lS 
Ob 


OMOMNA HP woh 
iS) 
i=) 
os 
Co 
> 
ies) 
=] 
ao 


© COAG: OTP C9 BD 
macs 
a 
io 
od a 
POESSE SE 
CHOAREB Wid 
oo 
ror 
=) 


ou 
© 
oo 


CMOAD oP cob 
DNPH OS 
APR OON CS 


_ From the top : 


For 11°+ or 191°, 
read as printed ; for 
101°+ or 281°+, read 
co-function. “7 


From the bottom: 


For 78°+ or 258°+, 
read as printed ; for 


168°+ or 848°+, read| — 


co-function. 


Prop. Pts. . 


58 12°— Logarithms of Trigonometric Functions 


- 


9.33 057 
9.33 119 
9.33 180 
9.33 242 
9.33 303 


9.33 365 
9.33 426 
9.33 487 
9.33 548 
9.33 609 
9.33 670 
9.33 731 
9.33 792 
9.33 853 
9.33 913 


9.33 974 
9.34 034 
9.34 095 
9.34 155 
9.34 215 
9.34 276 
9.34 336 
9.34 396 
9.34 516 


9.34 576 


a sees 


oe be be to fe 
o-l] 
SES 


9.34 635 
9.34 695 
9.34 755 
9,34 814 


9.34 874 
9.34 933 
9.34 992 
9.35 051 
9.35 111 
9.35 170 
9,35 229 
9.35 288 
9.35 347 
9.35 405 
9.35 464 
9.35 523 
9.35 581 
9.35 640 
9.35 698 


9.35 757 
9.35 815 
9.35 873 
9.35 931 
9.35 989 
9,36 047 
9.36 105 
9.36 163 
9.36 221 
9.36 279 


0.67 253 
0.67 190 
0.67 128 
0.67 067 
0.67 005 
0.66 943 
0.66 881 
0.66 820 
0.66 758 
0.66 697 
0.66 635 
0.66 574 
0.66 513 
0.66 452 
0.66 391 
0.66 330 
0.66 269 
0.66 208 
0.66 147 
0.66 087 


0.66 026 


ios) 
© 
£ £3 


eps 


4 Oo occ 
B88 S23 
wOownwnwvwwwwnd wo wWwWHAwTwwnwnNnwnwwwewnwwanwwnw WWWNWW WWNWW AWANWWOWNWWWON WWOWNW WN wWwh 


28 
or 


BER2 B2EBS BEZE8 223: 


WOOOO DOCOO OID OOO OCOOO OOOOO 100% 


SOrNwrOAADWS 


OOS Or Cobo 
wo 
ie 


© CO WD OH WD 
FERESESE 
cooococ[oo 

09 

ot 

ip 

7 


99.8 | 22.4 


OID OUP O9 dO 

a 8 

an om 

eo SiSSS 
RON RO 


COA OUP OD LO 
ech etaed eeaes 
APR aOC§NoOg 


From the top: 


For 12°+ or 192 
read as printed; 
102°+ or 282°+, re 
co-function. 


From the bottom 


For 77° or 26 
read as printed ; 
167° or 847°, x 
co-function. 


Prop. Pts. | 


77° — Logarithms of Trigonometric Functions 


13° — Logarithms of Trigonometric Functions 5S 


| _Lsin | a! Ltan L Ctn 5a) ee 
| 9-35 209 | ., | 9.36336 | ,. | 0.63664 | 9.98 872 | , | 60 
| 9.35 263 | 54 | 9.36 394 | 58 | 0.63606 | 9.98 869 paired 58 | 57 4.56 
9.35 318 | °° | 9.36 452 | ®8 | 0.683.548 | 9.98 867 58 
9.35 373 | © | 9.36509 | 57 | 0.63491 | 9.98 864 | 3 | 57] 2) 11.6 | 11.4 | 11.9 
9.35 427 | | 9.36 566 | >” | 0.63 434 | 9.98 861 3 | 56] 3 | 17.4 aes 
9.35 481 9.36 624 0.63 376 | 9.98 858 55| 4 | 23.2 | 22. 2.4 
9.35 536 | °° | 9.36681 | >” | 0.63319 | 9.98855 | 3] 54] 5 | 29.0 | 28.5 | 28.0 
9.35 590 | ©* | 9.36738 | ©” | 0.63262 | 9.98 852 3 53 | 6 | 34.8 | 34.2 | 33.6 
9.35 644 | 54 | 9.36795 | °” | 0.63205 | 9.98 849 52] 7 | 40.6 | 39.9 | 39.2 
9.35 698 = 9.36 852 et 0.63 148 | 9.98 846 5 BL : a 4 = : a : 
9.35 752 9.36 909 0.63091 | 9.98 843 50 
9.35 806 | ®* | 9.36966 | 7 | 0.63034 | 9.98 840 a 49 
9.35 860 | ©4 | 9.37023 | ®7 | 0.62977 | 9.98 837 3 | 48 55 | 54 | 58 
9.35 914 | ©* | 9.37080 | 7 | 0.62920 | 9.98 834 a | 20169 Naa ocean 
| 9.35 968 x 9.37 137 zi 0.62 863 | 9.98 831 | 2 | 46] 3 | 34's | ie | ino 
9.36 022 9.37 193 | - | 0.62 807 | 9.98828 | 5145] 4 | 99'9 | o1'6 | a1 
9.36075 | ©3 | 9.37250 | ®” | 0.62750 | 9.98 825 5 | 441 5 | 27.5 | 27.0 | 265 | 
| 9.36129 | 54 | 9.37306 | 5° | 0.62 694 | 9.98 822 5 | 43] 6 | 33.0 | 32.4 | 31.8 
9.36 182 | ©3 | 9.37 363 | 57 | 0.62637 | 9.98 819 3 | 42| 7 | 38.5 | 87.8 | 37.1 
9.36 236 ae 9.37 419 oe 0.62581 | 9.98816 | 3 | 41] 3 | 44/0 | 43'2 | 42.4 
| 9.36 289 9.37 476 0.62 524 | 9.98 813 40| 9 | 49.5 | 48.6 | 47.7 
9.36 342 | ©3 | 9.37532 | °° | 0.62 468 | 9.98810 | 2 | 39 
9.36 395 | °3 | 9.87588 | °° | 0.62412 | 9.98 807 38 Pr «i 
9.36 449 | 4 | 9.87 644 | ©© | 0.62 356 | 9.98 804 3 | 37 
9.36 502 | °3 | 9.37 700 | 2° | 0.62 300 | 9.98 801 | 3 | 36 2| 10.4 | 10.2 
9.36 555 | °° | 9.37 756 0.62244 | 9.98798 | ° | 35 3 | 15.6 | 15.3 
9.36 608. | %3 | 9.37 812 | >? | 0.62188 | 9.98795 | 2] 34] 4 | 20.8 | 20.4 
9.36 660 | ©? | 9.37368 | °° | 0.62132 | 9.98 792 33 5 | 26.0 | 25.5 
9.36713 | 53 | 9.37 924 | ° | 0.62076 | 9.98789 | 3 | 32) 6 | 31.2 | 30.6 
9.36 766 | © | 9.37 980 a 0.62 020 | 9.98786 | 3 | 31 7 86, A 30.7 | 
9.36819 | °° | 9.38 035 0.61965 | 9.98783 |; | 30| 8 | 41.6 | 40. 
9.36 871 | ®2 | 9.38091 | °° | 0.61909 | 9.98 780 é 29 9 | 46.8 | 45.9 
9,36 924 | 83 | 9.38 147 | 5° | 0.61 853 | 9.98 777 3 | 28 
9.36976 | 52 | 9.38202 | 5 | 0.61798 | 9.98 774 3 | 27 acies 
9.37 028 | ©? | 9.38 257 Ee 0.61 743 | 9.98 71 | 3 | 26 Plas (F 
9.37081 | *, | 9.38313 | >. | 0.61687 | 9.98768 | 5 | 25 2) ee 
9.37133 | 52 | 9.38 368 0.61 632 | 9.98 765 | 5 | 24 aera 
9.37 185 | ®2 | 9.38 493 | ® | o.61 577 | 9.98762 | 3123] +5156 | 45 
9.37 237 | 52 | 9.38479 | 2° | 0.61521 | 9.98 759 | 3 | 22 B hoa ite 
9.37 289 | °° | 9.38534 | 2° | 0.61466 | 9.98756 | 5 | 21 7128 | 21 
: 1411 | 9.98 753 20 313.2 | 2.4 
te 303 oe Bes ee oe °: él 356 9.98750 | 2 | 19 9136 | 27 
9.37 445 | ©2 | 9.38 699 | © | 0.61301 | 9.98 746 | *| 18 
9.37 497 |.°2 | 9.38 754 | © | 0.61 246 | 9.98: 743 17 
9.37 549 a 9.38 808 - 0.61 192 | 9.98740 | 3 | 16 
376 9.38 863 0.61 137 | 9.98 737 15| From the top: 
ot as * | 9.38 918 | ° | 0.61 082 | 9.98 734 | 3 | 14 : 
9.37 703 | ®1 | 9.38 972 | 2 | 0.61028 | 9.98731 | 3 | 13] For 18°+ or 198°+, 
9.37 755 | 21 | 9. 39 027 > | 0.60 973 | 9.98 728 | 5 | 12) read as ney for 
oor OB BL 9.39 185 54 | 9'60 810 | 9.98719 | 2| 9 | ¢o-function. 
9.37 960 | * | 9.39245 | © | 0.60755 | 9.98715 | 5] 8 
9.38011 | *! | 9.39299 | 54 | 0.60701 | 9.98712 | 3 | 7| From the bottom: 
9,38 062 | ®! | 9.39353 | 54 | 0.60647 | 9.98 709 6 | al 
51 | 9.39407 | °* | 0.60593 | 9.98706 |. | 5] For 76° or 256°, 
9.38164 | | 9.39461 | ® | 0.60539 | 9.98 703 31 4] read as printed ; for 
9,38. 215 | 3° | 9.39515 > | 0.60 485 9.98 700 : 3 166°+ or 346°+, read 
9.38 266 9,39 569 0.60 431 | 9. ee SO: 
9.38 317 a 9,39 623 2 0.60 377 | 9.98694 | 3} 1} °° 
9.38 368 9,39 677 0.60 323 | 9.98690 |__| 0 
L Cos L Ctn - LTan | LSin | dl / Prop. Pts. 
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9.38 620 
9.38 670 
9.38 721 
9.38 771 
9.38 821 
9.38 871 
9.38 921 
9.38 971 
9.39 021 
9.39 071 
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9.39 731 
9.39 785 
9.39 838 
9.39 892 


9.39 945 
9.39 999 
9.40 052 
9.40 106 
9.40 159 
9.40 212 
9.40 266 
9.40 319 
9.40 372 
9.40 425 


9.40 478 
9.40 531 
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From the top: 


For 14°+ or 194 
read as printed ; 
104°+ or 284°+, ri 
co-function, 


From the botton 


For 75°+ or 255 
read as printed; 
165°+ or 345°+, r 
co-function. 


Prop. Pts. 
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. 15° — Logarithms of Trigonometric Functions 61- 


.41 582 | 47 


4 
4 
.41 $61 | #6 
4 
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a 
bo 
Ss 
pare 


S&ES 
> 
io) 
wo 

> 
a 


pee 
bo bo 
bo 
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bo 


42 394 | 46 


& 
oo 
sj 
oO 
cs 
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.42 599 | 46 


42.917 
43.008 | 46 


9.43546 | 44 


9.43 591 
9.43 635 
9.43 680 
9.43 724 | 4. 
9.43. 769 


9.43 813 | 44 
9.43 857 | 44 
9.43 901 | 4. 
9.43 946 | 44 
9.43 990 


9 44 034 


L Cos ry 


9.42 805 
9.42 856 
9.42 906 


9.42 957 
| 9.48 007 


9.43 O57 
9.43 108 
9.43 158 
9.43 208 
9.43 258 


9.44495 | 


9.44 544 
9.44 592 
9.44 641 
9.44 690 
9.44 738 


51 | 0.57 144 
50 | 0.57 094 
51 | 0.57 043 
i 0.56 993 
a1 | 0-56-943 

0.56 892 
50 | 0.56 342 
50 | 0.56 792 
eS 0.56 742 
no | 0:56.692 
7 | 0.56 642 

0.56 592 
50 | 0.56 542 
os 0.56 492 
4g | 0736442 

0.56 393 
50 | 0.56 343 
50 | 0.56 293 
ps 0.56 244 
4g | 0-6 194 

0.56 145 
50 | 0.56 095 
49 | 0.56 046 
i 0.55 996 
dg | 0-03 947 
4g | 0-55 898 

0.55 $49 
re 0.55 799 
te | 0.55 750 
4g | 0:95 701 
fq | 0.55 652 
4a | 0-55 603 

0.55 554 
. 0.55 505 
gg | 0:5 456 
to | 0:58 408 

0.55 359 
tg | 0°05 310 
tp | 0-05 262 
ag | 0:55 :213 
‘ig | 0-55 164 

0.55 116 
FH 0.55 067 
tg | 0:05 019 
ag | 0-54 971 
ag | 0-04 922 
te | 0.54 874 
te | 0-04 826 
fo | 034778 
4g | 0-54 729 
ag | 0-04 681 
ag | 0:54 683 
te | 0-54 585 
tg | 004 537 
ag | 0-54489 
ty | 0.54441 
ty | 0-54 394 
ag | 0-04 346 
tg | 034298 

0.54 250 


‘ed| LTan 
74° —Logarithms of Trigonometric Functions 


co-function. 


9.98 491 | 3 | 59 
9.98 488 ‘i 58 51 | 50 | 49 
9.98 484 | | 57] 2 | 10.2 | 10.0 | 9.8 
9.98481 | $| 56] 3 | 15.3 | 15.0 | 14.7 
9.98 477 55 | 4 | 20.4 | 20.0 | 19.6 
9.98474 | 3 | 54| 5 | 25.5 | 25.0 | 24.5 
9.98471 | 2 | 53] 6 30.6 30.0 | 29.4 
9.98 467 | 4| 52] 7 | 35.7 | 35.0 | 34.3 
9.98 464 | 3 | 51] 8 | 40.8 | 40.0 | 39.2 
5 
9.98 457 | 3 | 49 
sou |] 4] ,| 4%) | #8 
4 3 | 14.4 | 14.1 | 13.8 
9.98 443 45/4 | 19.2 | 18.8 | 18.4 
.98 440 | 3 | 44 alte 
9 2| 44] 5 | 24.0 | 23.5 | 23.0 
9,98 436 | 2 | 43] 6 | 28.8 | 28.2 | 27.6 
9°98 433 | 4 | 42) 7 | 33.6 | 32.9 | 32.9 
9.98 429 | 2 | 411 8 | 38.4 | 37.6 | 36.8 
9.98.426 4 | 40] 9 | 43.2 | 42.3 | 41.4 
.98 42 39 
9.98 419 | 3 | 38 
9.98 415 | * | 37 45 | 44 
9.98 412 | 3 | 36 2! 90) 88 
9.98 409 | | | 85 3 | 13.5 | 13.2 
9.98 405 34 4 | 18.0 | 17.6 
9.98402 | 2] 33]. 5 | 22.5 | 22.0 
9.98 398 | * | 32 6 | 27.0 | 26.4 
9.98 395 : 31 qc ae 30.8 
9.98 391 30 36. : 
9.98 388 : 29 9 | 40.5 | 39.6 
9.98 384 | 3 | 28 
9.98 381 | ¢ | 27 418 
9.98 377 26 
4 2/ 0.8 | 0.6 
9.98 373 25 A 
3 3/121 0.9 
9.98 370 24 
PE t+ 4|16| 1.2 
9.98 366 93 
ales) 5 | 2.0 | 1.5 
9.98 363 | # | 22 Boa las 
9.98 359 | 3 | 21 7 | 28 | 21 
9.98 356 | , 20 8 | 3.2 | 2.4 
9,98 352 3 19 9 | 3.6 | 2.7 
9.98 349 | f | 18 
9.98 345,| 2 | 17 
9.98 342 | 7] 16 
a oe 4 oh From the top: 
9.98 331 : 13] For 15°+ or 195°+, 
9.98 327 | 5 | 12| vead as printed ; for 
9,98 324 Taken ok easeatcant 
9.98 320 | - | 10 ee aE 
9.98 317 9 co-function. 
9.98313 | 4 | 8 
9.98 309 3 ii From the bottom: | 
ee belies For 74°+ or 254°+ 
9.98 302 | ,| 5 ; » 
9.98 299 4 4] read as printed ; for 
9.98 295 | 4 | 3] 164°+ or 344°+, read 
9.98291 | 5} 2 
te 
0 
I 


at 


62 
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9.44 385 
9.44 428 
9.44 472 
9.44 516 
9.44 559 


44 948 
9.44 992 


ee 
88 
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& GREEE GRRE BE 
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i ie i 
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oo 
bo 


BS S585 66555 ShS5S FES 


011 
053 
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9.45 750 0.54 250 
9.45797 | 47 | 0.54 203 
9.45 845 | 48 | 0.54 155 
9.45 892 | *7 | 0.54 108 
9.45 940 | 48 | 0.54060 
9.45 987 0.54 013 
9.46 035 | 48 | 0.53 965 
9.46 082 | 47 | 0.53 918 
9.46 130 | 48 | 0.53870 
9.46177 | 47 | 0.53 823 


9.46 224 | 4 | 0.53776 
9.46 271 0.53 729 
9.46 319 | 48 | 0.53681 
9.46 366 “a 0.53 634 
9.46 413 | 47 | 0.53587 
9:46 507 | 47 | 0.53.493 
9.46 554 | *” | 0.53 446 
9.46 601 | #7 | 0.53399 


9.46 648 ri 0.53 352 
g4e Tat | 47 | ocbso69 
9.46788 | 47 | 0.53212 
9.46 835 | 47 | 0.53 165 
9.46 881 = 0.53 119 
9.46 928 0.53 072 
9.47 068 | 47 | 0.52 932 
9.47 114 = 0.52 886 
7 9 
oar do7 | 47 | orb3 708 
9.47 253 i 0.52 747 
9.47 209 | 49 | 0.52 701 

x r 
a lcliee 
9.47 438 | 46 0.63 68 
9.47 484 | 48 | 0.52516 
9.47 530 | 46 | 0.52 470 
9.47 576 | 46 0.52 424 

OY 
oat eas | 42 | ona see 
9.47714 | 48 | 0.59 986 
9.47 760 | 4° | 0.52 240 
9.47 806 | 4 | 0.52 194 
9.47 852 | 4. | 0.52148 
oar ons | 48 | oracoe 
9.47 989 | 48 | 0352011 
9.48 035 i 0.51 965 
eo | = [gam 
9.48 171 43 | 0.51829 
9.48217 | $5 | 0.51 783, 
pala 42 | 0.51 738 
gies | Sup 
; ‘51 647 


9,48 534 0.51 466 
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From the top: 


For 16°+ or 196 
read as printed; 
106°+ or 286°+, r 
co-function. 


From the botton 

For 73°+ or 258 
read as printed ; 
163°+ or 348°+, r 
co-function. 


Prop. Pts. 
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| 17° — Logarithms of Trigonometric Functions — 63 


LSin | d| LTan ed} LCtn 


_) |e aleey L Cos 
P| o.2g6a5 | 41 | ganero | 5 | ota | gone | «| 8 
2 | 9.46 676 | 41 9.48 624 “ 0.51376 | 9.98052 | 4 53 
5] 246717 | fr | 9-48 669 | 45 | 0.51 331 | 9.98 O48 + | 5712] 90] 88] 86 
or 42 | 2° ms .51 286 | 9.98 044 : 56] 3 | 13.5 | 13.2 | 12.9 
j | 9.46 800 | 4, | 9.48759 | 1. | 0.51241 | 9.98040 | | | 55| 4 | 18.0 | 17.6 | 17.2 
3 | 9.46 841 | 71 | 9.48804 | 4 | 0.51196 | 9.98036 | 4 | 54] 5 | 22.5 | 22.0 | 21.5 
| 9.46 882 | #1 | 9.48849 | 45 | 0.51151 | 9.98 032 53| 6 | 27.0 | 26.4 | 25.8 
3 | 9.46 923 | 4 | 9.48894 | 4 | 0.51 106 | 9.98029 | 3 | 52] 7 | 81.5 | 30.8 | 30.1 
)| 9.46 964 | 47 | 9.48939 | 4 | 0.51 061 | 9.98025 | 4 | 51] 8 | 36.0 | 35.2 | 34.4 
Bi | | Saba | | cane pagan | |e] | Mel 
9. ; ; 98 017 49 
Al ¢ 44 4 
| oar ter | 41 | gaoate | 48 | osoase | oeaoos [4] 4c] | 42 | 41 | 40 
|| 9.47 168 . 9.49163 | 45 | 0.50837 | 9.98005 | +} 46] 2] 8-4] 8.2] 8.0 
| 9.47 209 9.49207 | “* | 0.50793 | 9.98001 | *|45| 3 | 126 | 12.3 | 12.0 
| 9.47 249 | 49 | 9.49959 | 45 | 0.50748 | 9.97997 | + | a4] * | 26-8 | 16-4 | 16.0 
A ek PE : 4 5 | 21.0 | 20.5 | 20.0 
9.47 290 9.49 296 0.50 704 | 9.97 993 43 
| 9.47 330 | 2° | 9.49 341 | 45 | 0.50659 | 9.97 989 | 4 | 42 | § | 25-2 | 24-6 | 24.0 
)| 9.47 371 | 4 | 9.49385 | 44 0.50 615 | 9.97986 | § | 41 Dee ee calene 
ee a pete era ea CRN EIC OG 2) | 40) 9 7.8 1 eee he 
| 9.47 492 be 9.49 519 . 0.50 481 | 9.97 974 > 38 
|| 9.47 533 | 7) | 9.49563 | TT | 0.50437 | 9.97 970 | 7 | 37 89 | 5 
| 9.47573 | 4) | 9.49607 | $4 | 0.50303 | 9.97 966 | 4 | 36. a| 7811.0 
| 9.47613 | 7, | 9.49652 | 72 | 0.50348 | 9.97 962 | | 85 3 | 11.7] 15 
| 9.47 654 | 4° | 9.49696 | 44 | 0.50304 | 9.97 958 | $ | 34 4| 15.6| 2.0 
9.47 694 | 4° | 9.49740 | 44 | 0.50 260 | 9.97 954 | 4 | 33 5 | 19.5] 2.5 
/|-9.47 734 | 4° | 9.49 784 | 44 | 0.50216 | 9.97 950 | 4 | 32 6 | 23.4] 3.0 
}| 9.47774 | 4° | 9.49 828 | #4 | 0.50172 | 9.97 946 | 4 | 31 7 | 27.31 3.5 
}| 9.47 814 | ,, | 9.49872 | ,, | 0.50128 | 9.97 942 | , | 80 8 | 31.2) 4.0 
es 40 | 2:49:916 | Zi | 0.50084 | 9.97938 | 7 | 29 9 | 35.1] 4.5 
| 3/47 934 | 4° | 9'50.008 | 44 | 0:49 996 | 9.97 980 | 4 | a7 
| 9.47 974 a 9.50048 | 44 | 0.49952 | 9.97926 | * | 26 4 | 8 
| 9.48014 9.50092 | ** | 0.49 908 | 9.97 922 | * | 25 2 | 0.8 | 0.6 
9.48 054 | 4° | 9.50136 | * | 0.49 864 | 9.97918 | 4] 24 3 | 12] 0.9 
9.48094 | 4° | 9.50180 | 44 | 0.49820 | 9.97 914 | 4 | 23 4/16 | 12 
9.48 133 | 29 | 9.50 223 | 43 | 0.49777 | 9.97910 | 4} 22 5 | 2.0 | 1.5 
9.48 173 - 9.50 267 44 | 0.49 733 9.97 906 aut : ae ae 
9.48213 | 5, | 9.50311 | 4, | 0.49689 | 9.97 902 | , | 20 3|32| 24 
9.48 252 | 3° | 9.50355 | 48 | 0.49645 | 9.97 898 | 7 | 19 9 | 36 | 27 
9.48 292 | 4° | 9.50 398 | 43 | 0.49602 | 9.97 894 | 7 | 18 
9.48 332 | 4° | 9.50 442 | 44) 0.49558 | 9.97 890 | 7 | 17 
9.48 371 | 5° | 9.50485 | 43 | 0.49515 | 9.97 886 | 4 | 16 
oo Ee Ee IE er 
9.48 490 _ 9.50 616 G 0.49 384 9.97 874 ; 18] For 17°+ or 197°+, 
9.485 9.506 4 é tae 
9.48 568 | 3° | 9.50703 | $5 | 0.49 297 | 9.97 866 eat ie Nae: ee 
9.48 607 9.50 746 0.49 254 | 9.97 861 10 : , 
9.48647 | 4° | 9.50789 | 43 | 0.49211 | 9.97 a57.| Z| 9 | Co-function. 
9.48 686 | 3° | 9.50833 | 4% | 0.49 167 | 9.97 853 | 4] 8 
9.48 725 39 9.50 876 44 0.49 124 | 9.97 849 4 k From the bottom: 
9.48 764 | 39 | 9.50 919 | 43 | 0.49 081 | 9.97845 | 4 | 6 f . 
9.48 803 | 5. | 9.50962 | 4, | 0.49038 | 9.97 841 |») 5] For 72°+ or 252°*, 
9.48 842 39 9.51 005 43 Hee oa peal 4 : read as printed ; for 
9.48 881 9.51 048 . 0. 2 | 9.97 8: 162°+ or 342°+ a 
9,48 920 | 5° | 9.51 092 | 4% | 0.48 908 | 9.97 829 aes fF ne se 
9.48 959 | $8 | 9.51135 | 43 | 0.48 865 | 9.97.825 | 4 | 1 | C°unctiOn: 
| 9.48998 | © | 9.51178 0.48 822 | 9.97 821 | |_O| 
LCos | d/| LCtn |cd| LTan d| / Prop. Pts. 
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9.49 037 
9.49 O76 
9.49 115 
9.49 153 
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S299 29999 999959 99999 99999 SS999 SSS99 SE999 99999 SOS99S 
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SEESE SSESSE S 
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0.46 385 
0.46 344 
0.46 303 


as | 


9.97 e 

9.97 

9.97 5 

9.97 - 

9.97 r 

9.97 x 

9.97 2| 54/2] 86] 84] 8 

9.97 2| 23] 3| 12.9 | 12.6 | 12 

9.97 52] 4 | 17.2 | 16.8 | 16 

9.97 51] 5 | 21.5 | 21.0 | 20 

9.97 50| 6 | 25.8 | 25.2 | 24 

9.97 41 49| 7 | 30.1 | 29.4 | 28 

9.97 4/48] 8 | 34.4 | 33.6 | 32 

9.97 , 47| 9 | 38.7 | 37.8 | 36 

; 46 

9.97 5 | 45 

ae " - 39 | 388] 8 

9:97 4|4o| 2) 78| 76) 4 

9.97 44) | 3| 117 | 114] 11 
4 4| 15.6 | 15.2 | 14 

9.97 2 | 49] 5 | 19.5 | 19.0 | 18 

sora | 5| 3a | 8 | 324 | 328 | 3 

9.97 + | 87] 8 | 31.2 | 30.4 | 2 

9.97 2 | 96] 9 | 35.1 | 34.2 | 3% 

oorris | 4 | 34 

pe ibed Be To 36] 5 | 4 

9.97 811 9) 72 TOO 

9.9 30| 3] 10.8 | 1.5 | 1. 

9.97691 |°] 99] 4 | 14.4 | 2.0 | 1. 

9.97 687 | 4] 98] 5 | 18.0 | 2.5 | 2. 

9.97 683 | | 97| 6 | 21.6 | 3.0 | 2. 

9.97 679 : 26 : Pe ee : 

9.97 674 25 Bly o>: 

9.97670 |4| o4| 91 82414513 

9.97 666 | * | 23 

9.97 662 | * | 29 

9.97 657 - 21 

9.97 653 | | | 20 

9.97 649 | t | 19 

eu an 5 | 18 From the top: 

9.97 6 17 

9.97 636 : 16| For 18°+ or 198 

9.97 632 | 4 | 15 read as printed ; 

ep he 5 6 108°+ or 288°+, r 

9.97 619 | + | 19 co-function, 

9.97615 | 4] 11 

9.97 610 | , | 10 From the botton 

gor gos |4| Q| For 71° or 251 

9.97597 |°| 7] read as printed; 

9.97593 | 4] 6|161°+ or 341°, r 

wae a4 5 : co-function. 

9.97 580 ; 3 

9.97 576 | | 2 

9.97571 |) 1 

9.97 567 0 

LSin |d]j / Prop. Pts. 
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9.52 527 | 
9,52 563 
9.52 598 
9.52 634 
9.52 669 


9.52 705 


ee ee ee ee ee Re eR a! NaS ae ae SSN a OO a RPS NASD Ds Pe SS eC ETO) Ce ea MESS) eae 


j 9. 53 370 
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9.53 738 
9.53. 779 
9.53 820 
9.53 861 
9.53 902 
9,53 943 
9,53 984 


9.54 512 
9.54 552 
9.54 593 
9,54 633 
9.54 673 


9.54 714 
9.54 754. 
9.54. 794 
9.54 835 
9.54 875 
9,54 915 
9.54 955 
9.54 995 
9.55 035 
9.55 O75 
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ee 
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-55 633 


9.56 107 
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40° — Logarithms of Trigonometric Functions ; 


ed 
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0.46 303 
0.46 262 
0.46 221 
0.46 180 
0.46 139 
0.46 098 
0.46 057 
0.46 016 


0.45 246 


0.44 446 


0.43 972 
0.43 933 


0.48 893 


L Tan 


L Cos 


9.97 567 


9.97 563 
9.97 558 
9.97 554 
9.97 550 
9.97 545 
9.97 541 
9.97 536 
9.97 532 
9.97 528 
9.97 523 
9.97 519 
9.97 515 
9.97 510 
9.97 506 
9.97 501 
9.97 497 
9.97 492 
9.97 488 
9.97 484 


9.97 479 
9.97 475 
9.97 470 
9.97 466 
9.97 461 
9.97 457 
9.97 453 


> |. 9.97 448 


9.97 444 
9.97 439 
9.97 435 
9.97 430 
9.97 426 
9,97 421 
9.97 417 


vo) 
QR 
See 
NO 


g 
IT 363 
9) 
97 353 


7 340 


| RAPA AR AR ATR OR AR A RAR AR AR ORO ROR OR ROR OR ORR OR OR ORR ORR AD ARR OR 


11 


8.2 
12.3 
16.4 


12.0 


24.6 


32.8 
36.9 


32.0 
36.0 


COND OP os bo 
bo 
os 
oun 


33.3 


SamANIA oP wh 
= 
oo 
ot 


20.4 
23.8 


WHAG oR wh 
psi aN las 
acn1cnonsd 


From the top : 


For 19°+ or 199°+, 
read as printed ; 
109°+ or 289°+, 


co-function. 


From the bottom : 


For 70°+ or 250°+, | 
read as printed ; for 


160°+ or 340°+, 
co-function. 


Prop. Pts. 


31.2 
35.1 


wewtorormnns 
SN OH OMDbh co 


for 
read 


read 


_ > 
& oly ay AN 
ee Sd EES ee ee ee a ee a a a eo ee ae 


—— ee 


te ere 


Rul 


LSin a | LTan |cd| LCtn L Cos 


0] 9.53405 |, | 9.56107 | , | 0.43893 | 9.97299 |. | 60 
| 1] 9.53440 9.56 146 | 39 | 0.43 854 | 9.97 294 | > 
2| 9.53475 | 35 | 9.56185 | 39 | 0.43815 | 9.97289 | > 
3] 9.53509 | 34 | 9.56 224 | 39 | 0.43776 | 9.97285 | # 
4| 9.53 544 “i 9.56 264 mi 0.43 736 | 9.97 280 } 
5 | 9.53578 | 5. | 9.56303 | 5. | 0.43697 | 9.97 276 40 | 39 | 38 
6 | 9.53613 | 3° | 9.56 342 | 3° | 0.43658 | 9.97 271 5 2! 80! 7.8! 7.6. 
7| 9.53647 | $4 | 9.56381 | 3° | 0.43619 | 9.97 266 | 5 3 | 12.0 | 11.7] 11.4” 
- 8| 9.53 682 | 3° | 9.56 420 | 3 | 0.43580 | 9.97 262 | 4 4 | 16.0 | 15.6| 15.2 
| 9} 9.53 716 Se 9.56 459 ee 0.43 541 | 9.97 257 : 5 | 20.0 | 19.5] 19.0 
10} 9.53751 | 5, | 9.56498 | 5, | 0.43502 | 9.97 252 6 | 24.0 | 23.4] 29.8 
1| 9.53785 | 34 | 9.56537 | 3° | 0.43463 | 9.97 248 | 4 7 | 28.0 | 27.3] 26.6 
9.53 819 | 3° | 9.56576 | 29 | 0.43 424 | 9.97 243 | 5 8 | 32.0 | 31.2] 30.4 
9.53 854 | 3¢ | 9.56615 | 25 | 0.43 385 | 9.97 238 5 9 | 36.0 | 35.1] 34.2 
9.53 888 | $f | 9.56 654 | 3° | 0.43 346 | 9.97 234 : 46 
9.53 922 9.56 693 0.43 307 | 9.97 229 45 
9.53 957 | 3° | 9.56 732 | 3° | 0.43268 | 9.97924 | 5 | 44 371 35 | 34 
9.53991 | $4 | 9.56 771 0.43 229 | 9.97 220 | * | 43 
9.54025 | $f | 9.56 810 | 3° | 0.43190 | 9.97215 | 5] 42] 2| T4| 7.0) 6.8 
9.54 059 9.56 849 | 8° | 0.43151 | 9.97210 | 5 | 41] 3 | 11-1 | 10.5 | 10.2 
9.54093 | ** | 9.56887 | °° | 0.43113 | 9.97206 | * | 40| * | 148 | 14-0 | 13.6 
Denies reel 39 | 2 f 5 | 29] 5 | 18.5 | 17.5 | 17.0 
; a4 | 9-56.926 | 3° | 0.43074 | 9.97 201 391 6 | 999 
9.54 161 9.56 965 ‘ 5 22 | te ae 
0.43 035 | 9.97 196 38 
9.54 195 i 9.57 004. os 0.42 996 | 9.97192 | * | 37 : ed ahd Bek 
9.54229 | 4 | 9.57 042 Ee 0.42 958 | 9.97 187 : 36} 9 | 33°3 | 31/5 Ay 
g.oaao7 | | o-sr aon | 8° | Caasen | gor iee | «| 85 . 
i 9. .42 880 | 9.97 178 34 
9.54 331 | 34 | 9.57 158 = 0.42 842 | 9.97173 | © | 33 
9.54 365 | $4 | 9.57 197 | 38 | 0.42 803 | 9.97 168 | ® | 32 33 | 5 | 4 
9.54 399 | 24 | 9.57 235 | 35 | 0.42765 | 9.97163 | 5 | 31] 2] 66] 1.0] 08 
9.54433 | 5, | 9.57 274 | 5. | 0.42726 | 9.97 159 80} 3] 9.9] 15] 1.2 
9.54466 | 34 | 9.57 312 | 35 | 0.42 688 | 9.97 154 5) o9] 4/132] 2.0] 16 
2 | 9.54 500 | 34 | 9.57 351 | 3, | 0.42649 | 9.97149 | 5 | 28] 5 | 16.5 | 2.5 | 2.0 
|| 9.54 534 | 5, | 9.57 389 | 25 | 0.42611 | 9.97145 | 4] 27] 6 | 19.8] 3.0 | 24 
34] 9.54 567 ga | 9:57 428 | 33 | 0.42572 | 9.97 140 : 26 i oa 3.5 | 2.8 
9.54 601 9.57 466 0.42 534 | 9.97 135 5S eee 
36 9.54635 | °4 | 9°57 504 | ®8 | 0.42406 | 9.97 130 | 5 | 4 | 9) 29-7 | 4.5 | 86 
StH | ac | Rar As | oe | 0424 | Baran |S |g 
54 702 i ‘ 9.97 121 22 | 
39 eb ay | 9-57 619 A 0.42 381 | 9.97 116 ; 21 
9.54 769 9.57 658 0.42 342 | 9.97111 20 
9.54 802 | 33 | 9.57696 | 38 | 0.42304 | 9.97 107 | 4 | 49 
9.54 836 | 35 | 9.57 734 | $8 | 0.42266 | 9.97102 | 5] 18| From the top: 
43 | 9.54 869 9.57 772 Ps 0.42 228 | 9.97097 | >| 17 2 
44 | 9.54903 | 3° | 9.57810 | 35 | 0.42190 | 9.97092 | ®] 16| For 20°+ or 200°+, 
45) 9.54 936 | 4, | 9.57 849 | 5, | 0.42151 | 9.97 087 1 | 15 | Pead as printed ; for 
oon ae | Be eed gg | 0-42 113 | 9.97 083 | © | 14] 110°+ or 290°+, read 
bias ose 33 aye 38 0.42 075 9.97 078 5 13 | co-function. 
9.55 086 | 33 | 9.57 963 | 55 0.42 037 | 9.97073 | 8 | 12} 
ee al? 3g | 0-41 999 | 9.97068 | 5 | 11 Pen te ee 
)| 9. 34 | 9-58 039 0.41 961 | 9.97063 | ¢ | 10} nee age ae 
| 9.55 136 9.58077 | 38 | 0.41993 | 9.97 . 
9.55 169 | 83 | 9.58 115 | 38 | 0.41 885 9.07 OB 5 3 Sot Oo one 
| 9.55202 | 3° | 9.58153 | $8 | 0.41 847 | 9.97049 | | 7 | Tead as printed ; for 
‘yea a les 3g | 0-41 809 | 9.97 044 : 6 | 159°+ or 339°+, read 
| 9. .58 22 0.41771 | 9.97039 § | co-function. 
3 
9.55 301 | 33 | 9.58 267 sy | 0.41733 | 9.97035 |4| 4 
9.55 334 9.58 304 0.41 696 | 9.97030 | >| 3 
9.55 367 od 9.58 342 bed 0.41658 | 9.97025 | 5} 9 
| 9.55 400 | 35 | 9.58 380 | 3° | 0.41620 | 9.97 020 | 1 
| 9.55 433 | "| 9.58418 |_| 0.41 582 | 9.97015 fee 3 
L Cos td] LCtn |cd| LTan | Lsin | al] | Prop. Pts. 
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L Sin 
9.55 433 


Cr or rt Gr Sr Gr tre 
PPP iP 


SSSSSS Se RR 


S55 
BAS 
eet 


he Bp 
SKIS) 
> 

Bes 
anoy 


Ss 
eS 
oc 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0 
0 
0. 
0 
0 
5 0. 
5 0. 
5 0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


(=) 
i 
co 
oo 
ee 
LNs} 


0.40 275 
0.40 238 
0.40 201 
0.40 165 
0.40 128 


0.40 091 
0.40 054 
0.40 017 
0.39 981 
0.39 944 


0.39 907 
0.39 870 


9.97 015 
9.97 010 
9.97 005 
9.97 001 
9.96 996 


9.96 991 


COIR ob 


COOIWMD OP wb 
Nib by eH 
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NWN 
SER SRS Om 
OmSANP wr 


a 
Or 
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SU Ce CoN 
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From the top: 


For 21°+ or 201°+, 
read as printed ; for 
111°+ or 291°+, read 
co-function. 


From the bottom: 


For 68°+ or 248°+, 
read as printed ; for 
158°+ or 338°+, read 
co-function. 


- 68°—Logarithms of Trigonometric Functions 


L Sin 


9.57 358 
9.57 389 
9.57 420 
9.57 451 
9.57 482 
| 9.57 514 

9.57 545 


sa] 
Ow 
noe 


8 008 


| 51] 9.58919 
> | 32 
| 53] 9.58979 


9.59 039 
9.59 069 


d 


a 
¥ 


L Tan 


-61 004 | 


-61 651 


| ll oe 
a4 
eR 


Pee ses See eS Pee eo OOOOH HOODOO OM? 
ne roe 
% S 


DRARAD ARD 
—_ 
oo | 
e) 
wo 


: 


o} 2:59 188 |_| 9.62785 |__| _0.37 215 | 
LCos | ad} LCtn |ed| LTan 


cd 


Fo ee 


22°— Logarithms of Tri 


L Ctn 
0.39 359 
0.39 323 
0.39 286 
0.39 250 
0.39 214 
0.39 177 
0.39 141 
0.39 105 


| 0.39 069 


0.39 033 


0.38 996 
0.38 960 
0.38 924 
0.38 888 
0.38 852 
0.38 816 
0.38 780 
0.38 744 
0.38 708 
0.38 672 


0.38 170 
0.38 135 
0.38 099 
0.38 064 
0.38 028 
0.37 992 
0.37 957 


37 638 


5g ba 8 
= oO 
S28 


> 


oe 
oO 
= 


37 355 


L Cos 
9.96 717 
9.96 711 
9.96 706 
9.96 701 
9.96 696 
9.96 691 
9.96 686 
9.96 681 
9.96 676 
9.96 670 
9.96 665 
9.96 660 
9.96 655 
9.96 650 
9.96 645 
9.96 640 
9.96 634 
9.96 629 
9.96 624 
9.96 619 
9.96 614 
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Rest: 


6 
q 
5 d 
5 
: a8 
5 | Of] 2| 7. 2) 70 
5 53] 3 | 11.1 | 10.8 | 10.5 
6 52] 4 | 14.8 | 14.4 | 14.0 
5 51] 5 | 18.5 | 18.0 17.5 
50| 6 | 22.2 | 21.6 | 21.0 
5 | 49| 7 | 25.9 | 25.2 | 24.5 
5 | 48] 8 | 29.6 | 28.8 | 28.0 
47,| 9 | 33.3 | 32.4 | 31.5 
5 | 38 | 
g | 45 
5 a 82 | 31 | 380 
5} 49) 2| 64] 62| 6.0 
5 41 3) 96] 9.3] 9.0 
5 4 | 12.8 | 12.4 | 12.0 
6 | 40] 5 | 16.0 | 15.5 | 15.0 
5 | 39| 6 | 19.2 | 18.6 | 18.0 
5.| 33] 7 | 22.4 | 21.7 | 21.0 
5 | 37] 8 | 25.6 | 24.8 | 24.0 
5 | 361 9 | 28.8 | 27.9 | 27.0 
¢ | 35 
alee 
5| 3 29 6 | 5 
5) 31] 2) 38 laos 
6 | 30 3 | 8.7 | 1.8.17 
E] 29] 4 | 11.6 | 2.4 | 2.0 
5 | 28 5 | 14.5 | 3.0 | 2.5 
Pl o7| 6 | 174 | 3.6 | 3.0 
26| 7 | 20.3 | 4.2 | 3.5 
. 95| 8 | 23.2 | 4.8 | 4.0 
5 24 9 | 26.1 | 5.4 | 4.5 
5 
5 | 23 
6 | 22] 
5 | 21 
5 | 20 
6 | 19 
5 | 18] From the top: 
1 
5] 16| For 22° or 202° 
6 | 15| Tead as printed ; fo: 
5 | 14] 112°+ or 292°+, reac 
5 e co-function. 
6 od 
gi il 
5 | 10 From the bottom: 
6 | For 67°+ or 2479+ 
: 7 | zead as printed; fo: 
6 | 6] 157°+ or 3879+, reac 
5 | 5|co-function. — 
5| 4 
6| 3 
Bula 
5 la 
On fae 
a|! _. Prop sPis. ie 


. 
Pa a. 
a 


ay 
ws = - 
iil De ae eee ee 
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9.60 474 


9.60 503 
9.60 532 
9.60 561 
9.60 589 
9.60 618 
9.60 646 
9,60 675 
9.60 704 
9.60 732 
9.60 761 
9.60 789 
9.60 818 
9.60 846 
9.60 875 
| 9.60 903 
| 9.60 931 


' LCos 


9.64 003 


9.64 037 |, 


9.64 072 
9.64 106 
9.64 140 


| 9.64 175 


9.64 209 
9.64 243 
9.64 278 
9,64 312 


9.64 346 
9.64 381 
9,64 415 
9.64 449 
9.64 483 


9.64 517 
9.64 552 
9.64 586 
9.64 620 
9.64 654 
9.64 688 
9,64 722 
9.64 756 
9.64 790 
9.64 824 


9.64 858 
L Ctn 


0.36 655 
0.36 621 
0.36 586 
0.36 551 
0.36 516 


0.35 483 
0.35 448 
0.35 414 
0.35 380 
0.35 346 
0.35 312 
0.35 278 
0.35 244. 
0.35 210 
0.35 176 
0,35 142 


L Tan 


L Cos 


9.96 403 


9.96 397 
9.96 392 
9.96 387 
9.96 381 


9.96 376 
9.96 370 
9.96 365 
9.96 360 
9.96 354 
9.96 349 
9.96 343 
9.96 338 
9.96 833 
9.96 327 


9.96 822 
9.96 316 
9.96 311 
9.96 305 
9.96 300 
9.96 294 
9.96 289 
9.96 284 
9.96 278 
9.96 273 
9.96 267 
9.96 262 
9.96 256 
9.96 251 
9.96 245 


888 S88EE ESSSS SSRSE SEREES 


=a 
eb 
aww 


WOOOO OOOODO GOOOS OOOOO OOOO oF 
_ 
_— 
bo 


Prop. Pts. 


WoONIA OBE b 
WNNNMHe He 
NER aBON © 
Roba onats © 
1 © 
aK 


oo 
o 


OONAD OP obo 
NyrweHe 

DPE ROaANoOn 
SOOO eo Sao 
LyyeHeHe 

S29 O AR Co Or 
PW& RONG 
Dwee ee 

SUNS C12 4 G0 Ot 
KEPRACOWLRD 


oO 
or 


© COG CIB 9 LO 
Sela ged Mead 
iB G bo Sip Go bo 
PIR WOR ee 
ASANSANSAS 


From the top: 


For 23°+ or 208°, 
read as printed; for 
113°+ or 293°+, read 
co-function. 


From the bottom: 


For 66°+ or 246°+, 
read as printed; for 


156°+ or 836°+, read | 


co-function. 


Pv e a 6 Ae = > 
“SE Ge ee 


24°— Logarithms of Trigonometric Function: 
L Cos 


ry 9.60 931 ; . 
1| 9.60 960 |. 29 | 9.64 892 | 34 | 0.35108 | 9.96067 | ® | 59 
2 9.60 988 9.64 926 0.35 074 | 9.96 062 : 58 
boca S)Se ba eeee eal S 
5 | 9.61073 9.65 028 0.34972 | 9.96045 | ® | 55 84 | 33 | 29° 
6 9.61 101 9.65 062 Ap 0.34 988 9.96 039 ; 5419] 68] 66] 58 
7| 9. 65 0.34 904 | 9.96 034 531 3] 10.2| 9.9] 8.7 
8 9.81 158 9.65 130 se 0.34 870 | 9.96 028 7 52] 4 | 13.6 | 13.2 | 11.6 
9} 9. 9.65 164 ro 0.34 836 | 9.96 022 5 51] 5 | 17.0 | 16.5 | 14.5. 
9.61 214 9.65197 | 2) | 0.34 803 | 9.96 017 50| 6 | 20.4 | 19.8 | 17.4 
9.61 242 9.65 231 | $4 | 0.34 769 | 9.96011 | © | 49] 7 | 23.8 | 23.1 | 20.3 
9.61 270 9.65 265 | 37 | 0.34735 | 9.96005 | 6 | 48] 8 | 27.2 | 26.4 | 23.2 
9.61 298 9.65 299 | $1 | 0.34701 | 9.96000 | 5 | 47] 9 | 30.6 | 29.7 | 26.1 
9.61 326 9.65 333 | 3% | 0.34 667 | 9.95 994 : 46 
9.61 354 9.65 366 0.34 634 | 9.95 988 45 
| 9.61 382 9.65 400 | 34 | 0.34600 | 9.95 982 | © | 44 28 | 27 
| 9.61411 9.65 434 as 0.34566 | 9.95977 | | 43 
9.61 438 9.65 467 | 33 | 0.34533 | 9.95 971 | ® | 49 2) 56) 5.4 
9.61 466 9.65 501 | 84 | 0.34 499 | 9.95 965 : 41 3] 84) 81 
9.61 494 9.65535 | 5. | 0.34465 | 9.95960 |" }4o} 3 | 11.2 | 10.8 
Sel || seccm |i| Sata [Sse |e] 8] 8/188 | ite 
| 9, ! F ‘ 38 5 ane 
9.61 578 9.65 636 pad 0.34 364 |. 9.95 942 | § | 37 : ae ao 
| 9.61 606 9.65 669 | 37°) 0.34331 | 9.95 937 | 5 | 36 9 | 25.2 | 24:3 
| 9.61 634 9.65703 | 5, | 0.34297 | 9.95 931 35 : ; 
hte || Sir | 3t| Osta | Rs || 
| 9.61 717 9.65 803 - 0.34 197 | 9.95 914 : 32 6 | 5 
61745 9.65 837 | 35 | 0.34 163 | 9.95 908 | $ | 31 21121 10 
9.61773 9.65 870 | 3, | 0.34130 | 9.95 902 5 | 30 3) 1.8) 1.5 
9.61 800 9.65 904 | 2 | 0.34096 | 9.95 897 29 4/24) 2.0 
| 9,61 828 9.65 937 | 34 | 0.34063 | 9.95 891 | © | 98 5 | 3.0 | 2.5 
9.61 856 9.65 971 | 35 | 0.34029 | 9.95 885 | © | 27 6 | 3.6 | 3.0 
rea 9.66 004 | 31 | 0.33 996 | 9.95 879 : 26 Ml re o 
, 9.66 038 0.33 962 | 9.95 873 2 : : 
| 9.61 939 | 28 | o'sso71 | 88 | 0:33. 929 | so5803 | 5] 5a] 9154 | 45 
Seta | | ssi |S | S38 | Sage 18) 
| 9. i .33 862 | 9.95 856 22 
est 9.66 171 - 0.33 829 | 9:95 850 : 21 
| 9.62. 9.66 204 0.33 796 | 9.95 844 20 
| 9.62 076 9.66 238 | 3* | 0.33 762 | 9.95839 | 5 | 19 
9.62 104 9.66 271 | 35 | 0.33729 | 9.95833 | 6 | 18] From the top: 
1 9. 9.66 304 | 33 | 0.33 696 | 9,95 827 | © | 17 = ° 
}9. 9.66 337 | 4 | 0.33663 | 9.95 821 | ©] 16] For 24°+ or 20494, 
9, 9.66 371 | 5, | 0.33629 | 9.95815 | ° | 15| Tead as printed; for 
9. 9.66 404 | 3, | 0.33596 | 9.95810 | 5 | 14 | 114°+ or 294°+, read 
| 9. 9.66 437 | 33 | 0.33 563 | 9.95 804 | © | 13| eo-function. 
9. 9.66 470 | 55 | 0.33 530 | 9.95 798 | & | 19 
9, 9.66 503 | 34 | 0.33497 | 9.95792 | © | 11 
8. 9.66 537 * 0.83 463 9.95 786 : 10 From the bottom: . 
9. : : .95 780 9 
| 9.6 9.66 603 | $$ | 0.33307 | 9.95775 | 5| g| _ Not 68+ or 2450+, 
| 9 9.66 636 | $3 | 0.33 364 | 9.95769 | © | 7| Tead as printed; for 
; 9.66 669 | 23 | 0.33331 | 9.95 763 6 | 155°+ or 835°+, read 
9.66 702 | 5, | 0.33298 | 9.95 757 5 | co-function. 
9.66 735 | 35 | 0.33265 | 9.95751 |®| 4 
9.66 768 | 33 | 0.33232 | 9.95745 | | 3 
9.66 801 | 33 | 0.33199 | 9.95739 | ® | 9 
9.66 834 | 3° | 0.33 166 | 9.95 733 : 1 
| 9.62 598 9.66 867 |__| 0.33 133 | 9.95728 | ° |_0 
* LCos | d L Ctn ed| LTan | LSin | da] / Prop. Pts. 
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9.95 704 


9.95 698 
9.95 692 


i) 
wo 
co 
*o 
~ 
=I 


2] 66] 64! 5.4 
He a 3/ 991 961 84 
Sober 4 | 13.2 | 12.8 | 10.8 
eet 5 | 16.5 | 16.0 | 13/5 

9.95 668 6 | 19.8 | 19.2 | 16.2 
9.95 663 7 | 23.1 | 29.4 | 18.9 
9.95 657 8 | 26.4 | 25.6 | 21.6 
9.95 651 9 | 29.7 | 28.8 | 24/3 
9.95 639 
9.95 633 
9.95 627 26) 7 
9.95 621 2) 52/14 
9.95 615 : : ine 2.1 

.4 | 2.8 
nee ice 5 | 13.0 | 3.5 
9.95 597 | 6 6 | 15.6 | 4.2 
9°95 585 | 6 8 | 20.8 | 5.6 
a mak 9 | 23.4 16.3 
9.95 573 | & 
9.95 567 | & 
9.95 561 x 6/5 
9.95 555 | ° Dates PS es i = 
9.95 549 311.8 | 1.5 
9.95 543 | § 4} 2.4 | 2.0 
9.95 537 : 5 | 3.0 | 2.5 
9.95 531 6 | 3.6 | 3.0 
9.95 525 : a 3 5 

9.63 531 9.95 519 : 

9.63 557 9.95 513 | § 9} 5.4 | 4.5 
9.63 583 9.95 507 | § 

9.63 610 9.95 500 | 7 
9.63 636 9.95 494 
9.63 662 9.95 488 | ‘ 

.63 689 9,95 482 . 
9.63 715 9.95 476 | § From the top: 
sre Saat | | Tp[_ Fo 28% or 208% 
: ‘ 6 read as printed; for 
Pee ees |g 115°+ or 295°+, read 
9.63 846 9.95 446 ; co-function. 
9.63 872 9.95 440 | 6 
8 ie oe 7 From the bottom: 
9.63 950 9.95 431 - 9) For 64° or 244°, 
44 ce 9.95 409 | 6 7 read as printed; for 
).64 028 9.95403 | § | 6 | 154°+ or 834°+, read 
).64 054. 9.95 397 | , | 5 | co-function. or 
1.64. 080 9.95 391 | 2 | 4 
).64. 106 9.95 384 | 7 | 3 
.64 132 9.95 378 | 5 | 2 
.64 158 9.95 372 | § | 1 
.64 184. 0.31 182 | 9.95366 |__| 0 
L Cos LTan | LSin /dl / Prop. Pts. 


64° —Logarithms of Trigonometric Functions 


L Sin 


9.64 184 
9.64 210 
9.64 236 
9.64 262 
9.64 288 


9.64 313 
9.64 339 
9.64 365 
9.64 391 
9.64 417 


9.64 442 
9.64 468 
9°64 494 
| 9.64519 
9.64 545 
9.64 571 
9.64 596 
9.64 622 
9.64 647 
9.64 673 
9.64 698 
9.64 724 
9.64 749 
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63° — Logarithms of Trigonometric Functions mack 


26° — Logarithms. 


d | LTan 

9.68 818 
9.68 850 
9.68 882 
9.68 914 
9.68 946 
9.68 978 
9.69 010 
9.69 042 
9.69 074 
9.69 106 
9.69 138 
9.69 170 
9.69 202 
9.69 234 
9.69 266 
9.69 298 
9.69 329 
9.69 361 
9,69 393 
9.69 425 
9.69 457 
9.69 488 
9.69 520 
9.69 552 
9.69 584 
9.69 615 
9.69 647 
9.69 679 
9.69 710 
9.69 742 
9.69 774 
9.69 805 
9.69 837 
9.69 868 
9.69 900 
9.69 932 
9.69 963 
9.69 995 
9.70 026 
9.70 058 
9.70 089 
9.70 121 
9.70 152 
9.70 184 
9.70 215 
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a 
i] 
a 

8 Seees 


SI 
9 
9 
-31 086 | 9. 
9 
9 
9 


(95 329 
9.95 323 


oO ¢ f=) 
S5S8 


S88 


639 


2 SSese 99999 SS999 SS9005 


30 543 | 9.95 242 


0.30 005 
0.29 974 | 9.95 129 
0.29 942, | 9.95 122 
0.29 911 | 9.95 116 
0.29 879 
0.29 848 
0.29 816 
0.29 785 


0.29 753 
0.29 722 
0.29 691 
0.29 659 
0.29 628 
0.29 596 
0.29 565 
0.29 534 
0.29 502 
0.29 471 


0.29 440 
0.29 408 
0.29 377 
0.29 346 
0.29 315 | 


Ba88 B8B8 


g 


of Trigonometric 
LCos |d 


‘ 
32] 31 26 
2] 64) 62) 5.2) 
3] 96] 9.3 7.8 
4 | 12.8 | 12.4 | 10.4” 
5 | 16.0 | 15.5 | 13.0. 
6 | 19.2 | 18.6 | 15.6 
7 | 22.4 | 21.7 | 18.2 
8 | 25.6 | 24.8 | 20.8 
9 | 28.8 | 27.9 | 23.4 

25 |- 24 

2; 5.0|] 48 

3 i) 7.5) ave 

4/100] 9.6 

5 | 12.5 | 12.0 

6 | 15.0 | 14.4 

7 | 17.5 | 16.8 

8 | 20.0 | 19.2 

9 | 22.5 | 21.6 

ye bel 

2 Tag 

3 | 2.1] 1.8 

4/] 2.8 | 2.4 

5 | 3.5 | 3.0 

6 | 4.2 | 3.6 

7| 4.9 | 4.2 

8 | 5.6 | 4.8 

9 | 6.3 | 5.4 

From the top: 
For 26°+ or 206°+, 
read as printed ; for 


116°+ or 296°+, read 
co-function, 


From the bottom: 


For 68°+ or 248°, 
read as printed; for 
153°+ or 333°+, read 
co-function. 


—|—_————S |S | | |_| _T 


Prop. Pts. 
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i} 27° — Logarithms of Trigonometric Functions 5) 


Prop. Pts. 


9.70 717 Og 9.94 988 
9.70 748 2 9.94 982 
9.70 779 28 9.94 975 
9.70 810 26 9.94 969 
9.70 841 ‘ 9.94 962 
9.70 873 9.94 956 
9.94 949 
9.94 943 
9.94 936 
9.94 930 
9.94 923 
9.94 917 
9.94 911 
9.94 904 
9.94 898 
9.94 891 
9.94 885 
9.94 878 
9.94 871 
9.94 865 
9.94 858 
9.94 852 
9.94 845 
9.94 839 
9.94 832 
9.94 826 
9.94 819 
9.94 813 
.66 392 9.71 586 : 9.94 806 
9,66 416 ‘ : 9.94799 


9.66 441 9.94793 
9.66 465 28521 | 9.94786 
9.66 489 71.705 28.291 | 9.94 780 
9.66 513 aig 9.94 773 
9.66 537 9.94 767 
9.94760 
9.94 753 
9.94 747 
9.94740 
9.94 734 
9.94 727 
9.94 720 
9.94 714 
9.94707 
9.94 700 
9.94 694 
9.94 687 
9.94 680 
9.94 674 
9.94 667 
9.94 660 
9.94 654 
9.94 647 
9.94 640 
9.94 634 
9.94 627 
9.94 620 
9.94 614 
9.94 607 
9.94 600 


9.72 567 0.27 433 | 9.94 593 
L Ctn LTan | LSin 


- 62° —lLogarithms of Trigonometric Functions 
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From the top: 


For 27°+ or 207°+, 
read as printed; for 
117°+ or 297°+, read 
co-function. 
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From the bottom: 
For 62°+ or 242°+, 
read as printed; for] — 
152°+ or $332°+, read 

co-function. 
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aj 


OOOO —wLo wo 
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3+ ae ee 


Prop. Pts. 


Pa 


tore ee ee 
28° — Logarithms of Trigonometric Functions 


Lsin | d| Lan jcd| Letn | Los 


9.67 161 9.72 567 0.27 433 | 9.94 593 


i=) 
ig 
S 


0 

1] 9.67185 | 24 | 9.72598 | 31 | 0.27 402 | 9.94587 | ® 

2| 9.67 208 | 23 | 9.72628 | 3° | 0.27372 | 9.94580 | 7 | 

3| 9.67 232 | 24 | 9.72659 | 31 | 0.27341 | 9.94573 | 7 

4| 9.67 256 7 9.72 689 - 0.27 311 | 9.94 567 : 

5 | 9.67 280 9.72720 0.27 280 | 9.94560 31 | 30 | 29 

6| 9.67 303 a 9.72 750 — 0.27 250 | 9.94553 ¥ 54/2] 62] 60| 5.8 

7 | 9.67 327 | 33 | 9.72780 | 3° | 0.97290 | 9.94 546 53] 3] 93] 90] 87 

8 | 9.67 350 | 3f | 9.72811 | 37 | 0.27 189 | 9.94540 | § | 52] 4 | 12.4 | 12.0 | 11.6 

9 | 9.67 374 | 3f | 9.72841 | 9° | 0.27 159 | 9.94533 Z 51] 5 | 15.5 | 15.0 | 14.5 
9.67 398 | 9, | 9.72872 | 5, | 0.27 128 | 9.94526 | , | 50] 6 | 18.6 | 18.0 | 17.4 
9.67 421 | 94 | 9.72902 | 3, | 0.27098 | 9.94519 | ¢ | 49] 7 | 21.7 | 21.0 | 20.3 
9.67 445 | 9) | 9.72932 | 2° | 0.27 068 | 9.94513 48 | 8 | 24.8 | 24.0 | 23.2 
9.67 468 | 94 | 9.72 963-| 35 | 0.27 037 | 9.94506 | 7 | 47] 9 | 27.9 } 27.0 | 26.1 
9.67 492 | 9° | 9.72993 | 3° | 0.27 007 | 9.94 499 ; 46 | 
9.67 515 9.73 023 | <.| 0.26977 | 9.94492 45 
9.67 539 | 24 | 9.73054 | 31 | 0.26 946 | 9.94485 | 7 | 44 
9.67 562 a 9.73 0.26 916 | 9.94 479 : 43 pine Wiad. 
9.67 586 | 38 | 9.73114 | 3° | 0.96 886 | 9.94472 42} 2] 48| 46) 44 
9.67 609 | 3f | 9-73 144 | 3° | 0.26 856 | 9.94465 | 7.| 41 . ay oe oa 
)| 9.67 633 | 4, | 9.73175 | 5, | 0.26 825 | 9.94 458 7 | 49] 5 | 12.0] 11.5 | 11.0 
9.67 656 24 9.73 205 3 0.26 795 | 9.94451 39] 6 | 14.4 | 13.8 | 13.9 

2 0 ac 4 3 6 . * ° 

| 9.67 680 93 | 9-73 235 = 0.26 765 | 9.94 445 7 | 33! 7 | 16.8 | 16.1 | 15.4 
| 9.67 703 93 | 9-73 265 30 | 026735 | 9.94 438 7| 3718 19.2 | 18.4 | 17.6 
9.67 726 | SY | 9.73 295 31 | 2-26 705 | 9.94431 | > | 36] 9 | 21:6 | 20.7 | 19.8 
5 9.67 750 3 | 9-73.326 | 5, | 0.26674 | 9.94424 | | | 85 
Serr | | ay | |Sapeit| 8akey | 71 
;| 9.67 820 | 24 | 9.73 416 | 3° | 0.26 584 | 9.94404 | & | 39 7 | 6 
9.67 843 | 33 | 9.73.446 | 9° | 0.26 554 | 9.94 397 7) 31 2/14] 12 
9.67 866 | 5, | 9.73476 | 5, | 0.26524 | 9.94 390 7 | 30 3} 2.1) 1.8 
[ares |i [Sina | | asa [See /7 138) $1 33) 38 
f f 26 9.94 376 28 5 | 3. 

3 | 9.67 936 | 55 | 9.73567 | $0 | 0.26433 | 9.94369 | 7 | 27 6 | 4.2 | 3.6 
9.67 959 | 33 | 9.73 597 30 | 0:26.408 | 9.94362 | 7 | 26 : oe 
9.67 982 9.73 627 0.26 373 | 9.94 355 25 : ‘ 
9.68006 | 24 | 9.73657 | 9 | 0.96343 | 9.04349 | © | 54 9 |, 6.8 | Be 
| igs | [Santa | | 3088 [Saka | 1 | 
HK 137 -26 28% N 22 
9.68 075 = 9.73 747 4 0.26 253 | 9.94 328 : 21 
8.68 121 | 22 | gear | 30 | 0.25223 | 9.94 821 |, | 20 
9.08 1a oe | 9.73 837 86 | 0.26 163 | 9.94 307 : 8 From the top : 

; 9.73 867 0.26 133 | 9.94 300 17 

| 9.68190 | 32 | 9.73 897 | 39 | 0.26103 | 9.94203 | 7 | 16] For 28° or 2080+, 
9.68 213 | 4, | 9.73 927 | 5, | 0.26073 | 9.94.86 | 7 | 15 | Ted as printed; for 
9.68 237 | 53 | 9.73957 | 35 | 0.26 043 | 9.94279 | 7 | 14 | 118°+ or 298°, read 
9.68 260 | 93 | 9.73 987 | 35 | 0.26013 | 9.94273 | © | 13 | co-function. 

9.68 288 22 | 974017 | 3° | 0.25 983 | 9.94 266 a 12 

9.68 398 23 ali 30 rill espe 4 7 11 From the bottom: 
9.68 351 | 23 | 9.74107 | 3° | 0.25 893 | 9: rae 

9.68 374 | 23 | 9.74137 | 3° | 0:95 sea ied eS) fer eo 
9.68 397 | 23 | 9.74 166 | 2° | 0.25 834 | 9.91931 | 7] 7| Tead as printed; for 
| 9.68 420 | 3° | 9.74196 | 8° | 0.25 804 | 9.94994 | 7 | 6 | 151°+ or 381°+, read 
9.68 443 | 5, | 9.74296 | 4, | 0.25774 | 9.94017 | 7 | 5 | co-function. 

9.08 466 a3 | 974256 | 55 | 0.25744 | 9.04910 | 7] 4 

semais| | bran [ae |Sabiut| Satan || 3 

9.68 534 | 3° | 9.74345 > 0.25 655 | 9.94189 : 1 

9.68 557 9.74 375 0.25 625 | 9.94182 0 


_— | | | | 


d| Letn led! Ltan | Lsin [al / Prop. Pts. 
61° — Logarithms of Trigonometric Functions r 


29°— Logarithms of Trigonometric Functions —_75 


68 897 
68 942 


69 256 
69 301 


‘69 390 


69 501 


69 655 


.69 699 
69 721 


L Tan 


9.74 875 


9.74 405 
9.74 435 
9.74 465 
9.74 494 


9.74 524 
9.74 554 
9.74 583 
9.74 613 
9.74 643 


9.74 673 
9.74 T02 
9.74 732 
9.74 762 
9.74. 791 


9.74 821 
9.74 851 
9.74 880 
9.74 910 
9.74 939 


9.74 969 
9.74 998 
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-75 910 
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0.25 625 
0.25 595 
0.25 565 
0.25 535 
0.25 506 
0.25 476 
0.25 446 
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0.23 885 


| 0.23 856 
‘ed| LTan 


60°—Logarithms of Trigonometric Functions 


9.94 182 
9,94 175 
9.94 168 
9.94 161 
9.94 154 


9.94 147 
9.94 140 
9.94 133 
9.94 126 
9.94 119 


9.94 112 
9.94 105 
9.94 098 
9.94 090 
9.94 083 


9.94 076 
9.94 069 
9.94 062 
9.94 055 
9.94 048 
9.94 041 
9.94 034 
9.94 027 
9.94 020 
9.94 012 


9.94 005 
9.93 998 
9.93 991 
9.93 984 
9.93 977 


9.93 970 
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a 
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fa 


11 


80 | 29 | 28 
2/ 60] 5.8] 46 
3| 90] 8.7] 6.9 
4|)12.0/ 11.6) 9.2 
5 | 15.0 | 14.5 | 11.5 
6 | 18.0 | 17.4 | 13.8 
7 | 21.0 | 20.3 | 16.1 
8 | 24.0 | 23.2 | 18.4 
9 | 27.0 | 26.1 | 20.7 
22 | 8 7 
2) 44/16 |1.4 
38 | 6.6 | 2.4 | 2.1 
~4! 8.8] 3.2 | 2.8 
5 | 11.0 | 4.0 | 3.5 
6 | 13.2 | 4.8 | 4.2 
7 | 15.4 | 5.6 | 4.9 
8 | 17.6 | 6.4 | 5.6 
9 | 19.8 | 7.2 | 6.3 
From the top: 
For 29°+ or 209°, 
read as printed; for 


119°+ or 299°+, read 
co-function. 


From the bottom: 


For 60°+ or 240°+, 
read as printed; for 
150°+ or 330°+, read 
co-function. 


Prop. Pts. 


ue 4 a 


~*~ > OD TES a ae en bh 
ee dN Rees ad et 


> we se ee ee AS a Rees i 
30° — Logarithms of Trigonometric Functions 
LSin |d|LTan |cd| LCtn | LGos | al Prop. 


9.69 897 9.76 144 0.23 856 | 9.93 753 
69919 | 22 | 9.76173 | 29 | 0.23827 | 9.93746 
69 941 | 22 9.76 202 7 0.23798 | 9.93738 
69.963 | 3* | 9.76 231 9 | 0.23769 | 9.93 731 
.69 984 | 21 | 9.76261 | 2° | 0.23739 | 9.93 724 


.70 006 o2 | 2-16 290 29 0.23710 | 9.93 717 
70 028 9.76 319 0.23 681 | 9.93 709 


a 
* 8 
9 7 
9 “f 
if 
9 
8 { 
9 = 29 8 2 7| | 2] 6.0} 58} 5, 
9.70 050 | 39 | 9.76 348 | 5° | 0.23652 | 9.93702 |7 | 53] 3| 9.0] 8.7| 8. 
9.70072 | 3? | 9.76 377 | 3° | 0.23623 | 9.93695 | 7 | 52| 4 | 12.0 | 11.6 | 11: 
9.70093 | 35 | 9.76 406 | 38 | 0.23504 | 9.93687 | § | 51] 5 | 15.0 | 14.5 | 14, 
9.70115 | 5, | 9.76435 | 5, | 0.23565 | 9.93680 | - | 50] 6 | 18.0 | 17.4 | 16. 
9.70 137 | 35 | 9.76464 | 39 | 9.23536 | 9.93673 | 7 | 49] 7 | 21.0 | 20.3 | 194 
9.70 159 | 37 | 9.76493 | 30 | 0.23507 | 9.93665 | § | 48] 8 | 24.0 | 23.2 | 22. 
9.70 180 | 35 | 9.76 522 | 3° | 0.23.478 | 9.93658 | 7 | 47| 9 | 27.0 | 26.1 | 25. 
9.70202 | 3° | 9.76 551 | 3° | 0.23449 | 9.93650 | 8 | 46 
gram | | gtee | | aga | gases | 714 
9.70 267 | 22 | 9.76639 | 2° | 0.23361 | 9.93628 | 8 | 43 ete: 
9.70 288 | 7! | 9.76668 | 29 | 0.23332 | 9.93621 | 7 | 42 2| 4.4) 4.2 
)} 9.70 310 | 2° | 9.76 697 oe | 0-23:308 | 9.93 614 Z| 41 : s e: 
ASR] a | aia | =| aga | gece |) aa] 8) ate a 
9.70375 | 22 | 9.76783 | 29 | o-asai7 | o.oaso1 |8| 38  & | 13:2 | 126 
Seats hak a emer" a9 patho Mes ra (he A le 7 | 15.4 | 14.7 
9.70 396 | 5) | 9.76 812 | 39 | 0.23188 | 9.93 584 | 7 | 37 8|1761168 
C > 5 
bec 21 Ne fia 29 bar 159 | 9.93 577 8 36 9 | 19.8 | 18.9 
970.461 | 22 | o7es00 | 29 0.8101 0.98 662 cee 
| 9.70 482 | 21 | o'76.a08 | 2° | o'93072 | o.93ee4 | 8 | Sg 
9.70504 | 2° | 9.76957 | 2° | 0.23013 | o-o3n47 | 7 | 30 1 Oe 
1 9 21 9.76 986 29 ‘9 : 8 32 
9.70 525 | 34 | 9.7 39 | 0-23014 | 9.93539 | § | 31 2/16/14 
9.70 547 | 5, | 9.77015 | 4, | 0.22985 | 9.93532 7 | 30 3 | 2.4 | 2.1 
9.70 568 | 95 | 9.77 044 | 99 | 0.22956 | 9.93 525 3 | 29 4| 3.2) 2.8 
9.70590 | 51 | 9.77073 | 33 | 0.22927 | 9.93 517 28 5 | 4.0 | 3.5 
pre Gut 92 | 9-77 101 | 55 | 0.22899 | 9.93510 : 27 6 | 4.8 | 4.2 
ber |e lars = (sacs [ones (tlal al eee 
9.70675 | 24 | 9.77 188 | 29 | o'ozsia | gosasy | 8 | 30 9| 7.2 | 63 
; 2 | 2 Ped at 93 487 | °| 94 . 
| 9-70 697 . 9.77 247 29 | 0.22783 | 9.93480 | 2 | 23 
9.70730 | 2 | o.rrara | 28 | 0:22 196 | danacs | 7 | at 
9.70761 | 22 | 9.77303 | 2° | 022607 | oosast | ® | 90 
9.70 782 | 21 | 9.77 332 | 29 etn aean Ti ae 
70 782 | 31 | 9.77 332 | 29 | 0.92 9.93 450 | 5119] arom the ton: 
9.70 803 9.77 SOL 7 0.22 639 9.93 442 | 8 | 18 rom the top: 
7 17 3 .22.610 | 9.93 435 1 
9.10 846 | 37 | 9.77 418 | 38 | 0.22582 | 9.93.427 | 8 15| _ For 80% or 210° 
9.70867 | 9, | 9.77 447 | 4, | 0.22558 | 9.93490 | {| 15| Tad as printed; fc 
9.70 888 | 5, | 9.77 476 | 5, | 0.22524 | 9.93412 | $ | 34 | 120°+ or 800°, rea 
aoe se 29 | 9-77 505 98 0.22 495 9.93405 | ¢ | 13 | co-function, 
| 970.982 | 21 | S27 563 | 2° | odo4s5 | $9389% | 7 | 22 
. 21 . 2. 29 oa . 1 ; ; 
9.70973 | 5, | 9.77501 | 5, | 0.22409 | 9.93 382 | >| 10| 772” the bottom: 
9.71 036 | 55 | 9.77677 | 2° | 0.29 393 9.93 360 | 7 7 | tead as printed; f 
9.71058 | 97 | 9.77706 | 5° | 0.22294 | 9.93 352 S| 6| 149° or 829°, res 
| 971079 | 5, | 9.77 734 | 94 | 0.22266 | 9.93344 | || 5 | co-function. 
wie || Bante | | Sapa | Aaa |) 4 
Is . fi . . 
9.71 142 | 31 | 9.77 820 3 | 0.22 180 | 9.93322 | 7 4 
| 9.71163 | 57 | 9.7 849 | 3 | 0.22151 | 9.93314 | 8| 7 
| 9.71184 | “| 9.77877 | ~~ | 0.22123 | 9.93307 | 7} 0 
L-Cos | d LCtn |cd L Tan LS8in jd]! 1 Prop. Pts. 


59°— Logarithms of Trigonometric Functions 
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31°— Logarithms of Trigonometric Functions Fig 


L8in || Tan 


9.71 184 | 9.77 877 


9.77 906 
9.77 935 
9.77 963 
9.77 992 


9.78 020 
9.78 049 
9.78 O77 
9.78 106 
9.78 135 


9.78 163 
9.78 192 
9.78 220 
9.78 249 
9.78 277 
9.78 306 
9.78 334 
9.78 363 
9.78 391 
9.78 419 
9.78 448 
9.78 476 
9.78 505 


NN Aa 


AAAS AN 


9. 
9. 
Sh 
9: 
o 
9: 
oF 
ah 
0: 
9, 
oe 
oF 
a 
DO: 
9: 
9, 
9. 
Ds 
9, 
9, 
9. 
we 
a: 
9. 
9. 
9. 
ve 
2 
9. 
9. 
9: 
9: 
Of 
a: 
uv. 


4A 


ODO [SW OOo Owowcs 
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| 9.79 551 
9.79 579 
L Ctn 


ea 


L Ctn 


0,22 123 
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9.93 269 
9.93 261 
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9.93 215 
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9.93 053 
9.93 046 
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9.92 999 
9.92 991 
9.92 983 
9.92 976 
9.92 968 
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From the top: 


For 31°+ or 211°+, 
read as printed; for 
121°+ or 301°+, read 
co-function. 


From the bottom: 


For 58°+ or 238°, 
read _as printed; for 
148°+ or 328°+, read 
co-function. 
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9.92 787 
9.92 T79 
9.92 771 
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9.92 707 
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| 29 | 28 
P22) BB) CRG 
3] 87] 84] 8. 
4 11.6 | 11.2 | 10. 
5 | 14.5 | 14.0 | 13. 
6 | 17.4 | 16.8 | 16. 
7 | 20.3 | 19.6 } 18. 
8 | 23.2 | 22.4 | 21. 
9 | 26.1 | 25.2 } 24. 
21 | 20 | 19 
2) 42) 40] 3.8 
3| 63] 60] 5.7 
4| 84] 80] 76 
5 | 10.5 | 10.0} 9.5 
6 | 12.6 | 12.0 | 11.4 
7 | 14.7 | 14.0 | 13.3 
8 | 16.8 | 16.0 | 15.2 
9 | 18.9 | 18.0 | 17.1 
9 {-82iae 
2/18 | 1.6 | 14 
3 | 2.7 | 2.4] 21 
4 | 3.6 | 3.2 | 2.8 
5 | 4.5 | 4.0 | 3.5 
6/54) 48 | 4.2 
7 | 6.3 | 5.6 | 4.9 
8 | 7.2.) 6.4 | 5.6 
9] 8.1 | 7.2 | 6.3 


From the top: 


For 82°+ or 212°+ 
read as printed; fo 
122°+ or 302°+, reac 
co-function. 


From the bottom: 


For 57°+ or 237°+ 
read as printed; fo 


| 147°+ or 827°+, rea 


co-function. 


Prop. Pts. 
Functions — 


pcan tac wo 


eH : 


EE eee ON Ne ND ee SO STR NNO OCONOMOWOC ON SO HOW Oo CONS PCN & 


j 
— aa : : a . E 


33° — 
L Sin 


NAA 
09 09 63 
Saw 
aan 


3 $24 


oo 
io) 
ee) 
wo 


73 940 


-74 036 
74.055 


D DOWD DOOOO OOOO OOO 0% 


74 246 


AANA AY 
ENT STE 
ne ge 
S 
_ Qo 


: 


ee ee | 
ry 
rs 
_ 
a 


74.568 


yA 

eee 
ESES 
RSS 


WOO OO COO OOOOO OOOO OOOO C1000 OOOO 
vss 
B 


“a | LCtn 


Logarithms of Trigonometric Functions 79 
_G@ | LTan |cd/ LCtn L Cos cee Prop. Pts. 
49 | 981252 | ,, | 0.18748 | 9.92 359 60 
ao | 2-81.279 | 52 | 0.18721 | 9.92.351.| 8 | 59 
19 | 2-81 307 | 3 | 0.18 693 | 9.92343 | § | 5g 
29 | 2:81 335 | 5° | 0.18665 | 9.92 335 8 | 57 
19 | 9-81 362 | 37 | 0.18 638 | 9.92 326 4 56 
19 | 9-81 390 | 5, | 0.18610 | 9.92 318 55 28 | 27 | 20 
a0 | 9:81 418 | 5° | 0.18582 | 9.92310 | 8] 54) 2] 56] 54] 40 
19 | 9-81445 | 52 | 0.18555 | 9.92302 |} 53) 3| 84] 81] 6.0 
19 | 981473 | 5 | 0.18 527 | 9.92203 | 2 | 52) 4 | 11.2 | 10.8] 8.0 
29 | 2-81500 9g | 0:18500 | 9.92 285 g | OL] 5 | 14.0 | 13.5 | 10.0 
19 | 9:81528 | 5, | 0.18 472 | 9.92 277 50] 6 | 16.8 | 16.2 | 12.0 
ig | 9-81 556 ae 0.18 444 | 9.92269 | & | 49] 7 | 19.6 | 18.9 |- 14.0 - 
20 | 2:81 583 7-| 0.18 417 | 9.92260 | 9 | 48] 8 | 22.4 | 21.6 | 16.0 
ig | 9:81 611 a 0.18 389 | 9.92 252 | 8 | 47| 9 | 25.2 | 24.3 | 18.0 
ig | 9-81 638 oa 0.18 362 | 9.92 244 : 46 
20 | 9:81666 | 5, | 0.18334 | 9.92235 |. | 45 
19 | 9-81 693 | 32 | 0.18 307 | 9.92 227 44 ney (as 
19 | 2:81 721 | 23 | 0.18 279 | 9.92 219 eas 
1g | 9-81748 | 27 | 0.18 252 | 9.92211 | & | a9 rh tess ce: 
9 | 981776 | 58 | 0.18224 | 9.92202 | P| 41} 3) 7) Be 
20 | 9:81 803 | 5, | 0.18197 | 9.92194 | . | 40 5| 95 90 
19 | 9-81 831 | 3° | 0.18 169 | 9.92186 | § | 39 6111.4 | 10:8 
19 9.81 858 a 0.18 142 | 9.92177 g | 38 7 | 13.3] 12.6 
ig | 9-81 886 | 28 | 0.18 114 | 9.92169 | 8 | 37 8] 152 | 14.4 
ty | 9:81.913 a 0.18 087 | 9.92161 | & | 36 9 | 17.1 | 16.2 
20 | 9-81 941 | 5, | 0.18059 | 9.92 152 | , | 35 
19 | 2-31:968 | 34 | 0-18 032 | 9.92 144 | & | 34 
19 | 9-81 996 | 22 | 0.18004 | 9.92136 | & | 33 9 P 
ig | 9:82 023 7 | 0.17 977 | 9.92 127 3 | 22 cs 
19 | 9-82 051 2 0.17 949 | 9.92119 | 3 | 31 Oil TES ee 
19 | 9:82078 | 5. | 0-17 922 | 9.92111 | 5 | 80 3 | 2.7 | 2.4 
19 | 9:82 106 | 3° | 0.17 894 | 9.92 102 | 5 | 29 4) 3.6 | 3.2 
ig | 2-82183 | 52 | 0.17 867 | 9.92094 | ¢ | 28 5 | 4.5) 4.0 
19 | 9-82161 | 32 | 0.17 839 | 9.92086 | § | 27 6) 54) 4.8 
tg | 9:82 188 2 0.17 812 | 9.92077 | | 26 i oe Ae 
ig | 9:82215 | 5, | 0.17 785 | 9.92069 | , | 25 9/811 72 
19 | 9-82243 | 52 | 0.17 757 | 9.92060 | 5 | 24 ‘ : 
19 | 9:82:27 | 52 | 0.17 730 | 9.92052 | 5 | 23 
19 | 9:82-298 | Se | 0-17 702 | 9.92044 | 5 | 22 
ig | 9:82.825 a 0.17 675 | 9.92035 | ° | 21 
19 | 9-82.352 | 5. | 0.17 648 | 9.92027 | g | 20 
ig | 9-82 380 | 5° | 0.17 620 | 9.92018 | 5 | 19 
9.82407 | 3” | 0.17593 | 9.92010 | | 18| From the top: 
19 | 9.82435 | 28 | 0.17 565 | 9.92002 | ¢ | 17 F 
a 9.82 462 ai 0.17 538 | 9.91993 | | 16| For 88°+ or 218°+, 
‘19 | 9-82489 | og | 0-17 511 | 9.91985 | | 15 read as printed; for 
| SSI | | 2788 | Bat | 15 | 228% or 800% zat 
9.8 : ig ‘ . 
19 | 9.82571 | 27 | 9.17 429 | 9.91 959 | 8 | 12] °° asl ult 
ip | 9282599 - 0.17 401 | 9.91951 | § | 11 , 
10 | 9-82626 | 9, | 0-17 374 | 9.91 942 | , | 10 AEN ee 
9.82 653 0.17 347 | 9.91 934 9 3 oe 
Be Ve ageen| 22 | 117319 | 9.91 925 | 2 | 1g Yor ee Son ROG 
9 | 9.82708 | 27 | 6.17 292 | 9.91 917 re hear read as printed; for 
. 9.82 735 a 0.17 265 | 9.91908 | 2 | 6 | 146°+ or 326°+, read 
19 9.82 762 33 0.17 238 | 9.91 900 9 5 | co-function. 
ip | 9:82 790 | 57 | 0-17 210 | 9.91891 | 5] 4 
ig | 982817 | 57 | 0.17 183 | 9.91883 | 5] 3 
ig | 9-82 844 | 57 | 0.17 156 | 9.91874 | 5] 2 
9.82 871 0.17 129 | 9.91 866 1 
19 28 9 P 
9.82 899 0.17 101 | 9.91857 |__| 0 Ps 
ed| LTan i da|/ 
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t L Sin 
0] 9.74 756 
1| 9.74775 
2) 9.74794 
3] 9.74812 
4] 9.74831 
5 | 9.74 850 
6 | 9.74 868 
7| 9.74 887 
8 | 9.74 906 
9| 9.74 924 
10} 9.74 943 
11| 9.74 961 
12 | 9.74980 
13 | 9.74999 
14} 9.75017 
15 | 9.75 036 
16 | 9.75 054 
17 | 9.75 073 
18 | 9.75 091 
19} 9.75110 
20} 9.75 128 
21 | 9.75 147 
22) 9.75 165 
23 | 9.75 184 
24 | 9.75 202 
25 | 9.75 221 
26 | 9.75 239 
27 | 9.75 258 
28 | 9.75 276 
29 | 9.75 294 
30] 9.75 313 
31] 9.75 331 
32 | 9.75 350 
-33 | 9.75 368 
34 | 9.75 386 
35 | 9.75 405 
36 | 9.75 423 
37 | 9.75 441 
38 | 9.75 459 
89 | 9.75 478 
40| 9.75 496 
41] 9.75 514 
42 | 9.75 533 
43 | 9.75 551 
44 | 9.75 569 
45 | 9.75 587 
46 | 9.75 605 
47 | 9.75 624 
48 | 9.75 642 
49 | 9.75 660 
50| 9.75 678 
51] 9.75 696 
52] 9.75 714 
53 | 9.75 733 
54] 9.75 751 
55 | 9.75 769 
56 | 9.75 787 
57 | 9.75 805 
58 | 9.75 823 
59) 9.75 841 
60 | 9.75 859 
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13 | 9-83 035 
1p | 9-83 062 

9.83 089 
19 | 9.83 117 
18 | 9.83 144 


ig | 983171 

9.83 198 
19 | 9.93 295 
19 | 9.83 952 
18 | 9.83 280 
1g | 9-83 307 
ig | 9.88 334 
ig | 9:83.361 
I | 9-83. 388 

9.83 415 
9.83 442 
ig | 9:83470 
1 | 9-83 497 
tg | 9-83 524 

9.83 551 
9.83 578 
9.83 605 
tg | 9-83.632 
a | 9:83 659 

9.83 686 
9.83 713 
19 | 9:83 740 
tg | 9-83 768 
1 | 9:83.795 

9.83 822 
9.83 849 
9.83 876 
9.83 903 
9.83 930 
9.83 957 
9.83 984 
9.84011 
9.84 088 
tg | 9-84 065 

9.84 092 
9.84 119 
9.84 146 
9.84173 
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0.17 101 
0.17 074 
0.17 047 
0.17 020 
0.16 992 
0.16 965 
0.16 938 
0.16 911 
0.16 883 
0.16 856 
0.16 829 
0.16 802 
0.16 775 
0.16 748 
0.16 720 
0.16 693 
0.16 666 
0.16 639 
0.16 612 
0.16 585 
0.16 558 
0.16 530 
0.16 503 
0.16 476 
0.16 449 
0.16 422 
0.16 395 
0.16 368 
0.16 341 
0.16 314 
0.16 287 
0.16 260 
0.16 282 
0.16 205 
0.16 178 
0.16 151 
0.16 124 
0.16 O97 
0.16 070 
0.16 043 
0.16 016 


0 15 504 


LCos |d 

9.91857 | , | 60 
9.91849 | § | 59 
9.91 840 58 
9.91 832 | 8 | 57 
9.91 823 : 56 
9.91815 | 5 | 55 
9.91 806 | 9 | 54 
9.91 798 53 
9.91789 | 9 | 52 
9.91 781 s 51 
9.91 772 | , | 50 
9.91763 | 8 | 49 
9.91755 | § | 48 
9.91 746 | 2 | 47 
9.91738 | § | 46 
9.91729 | 4 | 45 
9.91720 | 3 | 44 
9.91712 | § | 43 
9.91703 | 2 | 42 
9.91695 | 8 | 41 
9.91 686.| , | 40 
9.91 677 | § | 39 
9.91 669 | § | 38 
9.91 660 37 
9.91 651 36 
9.91 643 35 
9.91 634 | 2 | 34 
9.91 625 | 3 | 33 
9.91 617 | § | 32 
9.91 608 | 9 | 31 
9.91599 | 5 | 80 
9.91 591 29 
9.91 582 | ? | 28 
9.91573 | § | 27 
9.91 565 | § | 26 
9.91 556 25 
9.91 B47 | 9 | 24 
9.91 538 | 3 | 23 
9.91530 | § | 22 
9.91521 | 9 | 21 
9.91512 | , | 20 
9.91 504 | § | 19 
9.91495 | 5 | 18 
9.91486 | 9 | 17 
9.91477 | 3 | 16 
9.91469 | 5 | 15 
9.91 460 | 5 | 14 
9.91451 | § | 13 
9.91 442 | 9 | 12 
9.91433 | 3 | 11 
9,91 425 | 5 | 10 
9.91416 | 5 | 9 
9.91407 | 9] 8 
9.91 398 | 3 | 7 
9.91389 | 3] 6 
9.91381 | | 5 
9.91372 | 5 | 4 
9.91 363 | 5 | 3 
9.91 354 | 9 | 2 
9.91345 | 9] 1 
9.91 336 0 
LSin |da] / 
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From the top: 


For 34°+ or 214°+, 
read as printed ; for 
124°+ or 304°, read 
co-function. 


From the bottom: 


For,55°+ or 235°+ 
read as printed; for 
145°+ or 325°+, reac 
co-function. 


Prop. Pts. 
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LTan |cd| LCtn | LCos | d Prop. Pts. 
9.84523 |, | 0.15477 | 9.91 336 60 
9.84 550 | 37 | 0.15450 | 9.91328 | 8 | 59 
9.84 576 Ke 0.15 424 | 9.91319 | 2 | 58 
9.84603 | 9” | 0.15 397 | 9.91310 | ° | 57 
9.84 630 ~ 0.15 370 | 9.91 301 3 56 
9.84657 | 9, | 0.15 343 | 9.91292 | 4 | 55 27 | 26 | 18 
9.84 684 | 57 | 0.15316 | 9.91283 | | 54] 9] 54] 52] 3.6 
9.84711 | 57 | 0.15 289 | 9.91 274 53 | 34-81 7.81 Ba 
9.84 738 | 57 | 0.15 262 | 9.91266 | 8] 52] 4] 10.8] 104| 7.2 
9.84 764 | 3° | 0.15 236 | 9.91 257 51] 5 | 13.5 | 13.0 | 9.0 
9.84791 | 5, | 0.15209 | 9.91248 | 5 | 50] 6 | 16.2 | 15.6 | 10.8 
9.84818 | 57 | 0.15182 | 9.91239 | 3 | 49] 7 | 18.9 | 18.2 | 12.6 
9.84 845 | 27 | 0.15155 | 9.91 230 48| 8 | 21.6 | 20.8 | 14.4 
9.84 872 oe 0.15 128 | 9.91221 | 9 | 47| 9 | 24.3 | 23.4 | 16.2 
9,84 899 Fe 0.15 101 | 9.91 212 : 46 
9.84925 | 5 | 0.15075 | 9.91203 | | 45 
9,84 952 | 57 | 0.15048 | 9.91194 | ° | 44 17 110 
9.84979 | 37 | 0.15021 | 9.91185 | 2 | 43 > egleket, 
9.85 006 | 3” | 0.14 994 | 9.91176 | 2 | 42 ae ae 
9.85 033 ne 0.14 967 | 9.91167 | § | 41 Brains 
9.85 059 27 0.14 941 | 9.91158 9 40 5 85 5.0 
9.85 086 | 5” | 0.14914 | 9.91149 | 2 | 39 6 | 10.2 | 6.0 
9.85 113 +27 0.14 887 | 9.91 141 9 38 7 | 11.9 | 7.0 
9.85 140 26 0.14 860 | 9.91 132 ‘ 37 8 | 13.6 | 8.0 
9.85 166 | 5° | 0.14 834 | 9.91123 | 2 | 36 91153190 
9.85193 | 5, | 0.14807 | 9.91114 | 4 | 85 
9.85 220 | 3” | 0.14780 | 9.91105 | 9 | 34 
9.85 247 0.14 753 | 9.91096 | 9 | 33 9) 8 
9,85 273 | 28 | 0.14727 | 9.91 087 2 | 32 = 
9.85 300 Fi 0.14 700 | 9.91078 | 2 | 31 2/ 1.8 | 1.6 
9.85 327 | 4, | 0.14673 | 9.91069 | , | 80 3 oF aa 
9.85 354 | 54 | 0.14646 | 9.91060 | 9 | 29 a 8 fe 
9.85 380 0.14 620 | 9.91051 | 9 | 28 5 a ae 
9.85407 | 5” | 0.14593 | 9.91042 | 9 | 27 Colne 
9.85 434 | 97 | 0.14 566 | 9.91033 | ,5 | 26 Cee 
9.85 460 | 5. | 0.14540 | 9.91023 | , | 25 9/81/72 
9.85 487 | 27 | 0.14513 | 9.91014 5 | 24 
9.85 514 | 27 | 0.14486 | 9.91 005 2 | 23 
9.85 540 | 28 | 0.14460 | 9.90996 o | 22 
9.85 567 po 0.14 433 | 9.90 987 | 9 | 21 
9.85 594 | 5, | 0.14406 | 9.90978 | , | 20 
9.85 620 | 3° | 0.14 380 | 9.90969 | 4 | 19 
Srna lo idwe tose: | a bye ee 
9.85 674 14.326 | 9.90< 

' 26 ‘ 9 ; For 85°+ or 215°+ 
9.85 700 | 5° | 0.14300 | 9.90942 | § 16} eds seta 
9.85727 | 5, | 0.14273 | 9.90933 |, | 15 | read as printed ; 
9.85 754 0.14 246 | 9.90924 | 2 | 14] 125° or 805°+, read 
9.85 780 | 5° | 0.14 220 | 9.90915 | 9 | 13 | co-function. 
9.85 807 0.14 193 | 9,90906 | ,? | 12 
9.85 834 | 37 | 0,14 166 | 9.90896 | *) | 11 Bait 
9.85 860 | 4, | 0.14140 | 9.90887 | 4 a? pei. y a 
gage || Satta [SES | | §| Reset a 
9.85 940 | 27 | 0.14060 | 9.90860 | 9] 7 Ape ge PN 4 
9.85 967 a 0.14 033 | 9.90851] 9} 6 or rea 
9.85 993 0.14007 | 9.90842 | ,, | 5 | co-function. 
9.86 020 | 2” | 0.13 980 | 9.90832 | *} | 4. 
9.86046 | 26 | 0.13954 | 9.90823 | 9} 3 
9.86073 | 2% | 0.13997 | 9.90814 | 9] 2 
9.86 100 o 0.13900 | 9.90805 | 2 | 1 
9.86 126 0.13 874 | 9.90 796 0 


— Logarithms of Trigonometric Functions 81 
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; 0 
86 0 
86 0 
86 0 
86 0 y | 
86 0 ; 2| 54] 52] 3.6) 
.86 0 9. 3} 8.1))° 7.8) see 
Sie |e) Sue | (ug) og 
; f 13.5 | 13. j 
i ° . 7 | 18.9 | 182 | 126 
86 0 9.90 65 g : 6 
42,| 9.77 130 = 9.86 445 = 0.13555 | 9.90 685 - 48 | 8 | 21.6 | 20.8 | 14.4 
13 | 9.77 147 | 17 | 9.86 471 | 26 | 0.13529 | 9.90676 | 2 | 47] 9 | 24.3 | 23.4 | 16.2. 
14 7 164 vas 9.86 498 -; 0.13 502 | 9.90 667 | 5 | 46 
Be) aera | | eazent || capes | nega | te 
16 | 9.77199 | 18 | 9.86 551 | 27 | 9.13 449 | 9.906: 44 17 | 16 
17 | 9.77216 | 37 | 9.86.57 | 36 | 0.13 423 | 9.90639 | 8 | 43 
18 | 9.77 233 | 37 | 9.86603 | 28 | 0.13 397 | 9.90630 | 8 | 42 2) 34) 3.2 
19 | 9.7 250 | 3% | 9.86630 | 57 | 0.13370 | 9.90620 | 70 | 41 : as oa 
20 | 9.77268 | | | 9.86656 | 5 | 0.13344 | 9.90611 | 5 | 40 5/85! 80 
21 | 9.77 285 | 3” | 9.86683 | 37 | 0.13317 | 9.90602 | ,° | 39 61102! 96 
22 | 9.7 302 | 17 | 9.86709 | 25 | 0.13 201 | 9.90592 | 1° | 38 7{/119/ 112 
23 | 9.7 319 | 17 | 9.86736 | 37 | 0.13 264 | 9.90583 | 8 | 37 3/136|123 
24 | 9.77 336 | 17 | 9.86 762 | 28 | 0.13238 | 9.90574 | 8 | 36 911531 14.4 
25| 9.77 353 | 1, | 9.86789 | 9, | 0.13211 | 9.90565 | ,9 | $5 
me) gira || She || outa | aes "| 
28 | 9.77 405 | + | 9.86868 | 2° | 0.13132 | 9.90537 12 | 82 10 | 9 
29 | 9.77 422 | 17 | 9.86 894 | 5° | 0.13106 | 9.90527 | 79 | 31 2| 2.0 | 1.8 
80| 9.77439 | |, | 9.86921 | 5, | 0.13079 | 9.90518 | 5 | 80 3 | 3.0 | 2.7 
31 | 9.77 456 | 17 | 9.86947 | 3° | 0.13053 | 9.90 509 29 414.0 | 3.6 
32| 9.7473 | 17 | 9.86974 | 37 | 0.13026 | 9.90 499 - 28 5 | 5.0 | 4.5 
g] Stra |e [Sar | | 20m S88 Jae] 43 [gs 
‘ EL ea RO De ; 9 8| 8.0 | 7.2 
85 | 9.77524 | ,, | 9.87053 | 5, | 0.12947 | 9.90471 | 5 | 25 9/901 84 
36 | 9.77 541 | 17 | 9.87079 | 37 | 0.12921 | 9.90 462 | ,8 | 24 : . 
87 | 9.77 558 | 17 | 9.87 106 | 3 | 0.12894 | 9.90 452 | 19 | 23 
gS] Bre | 2) S828 | |SUBRS | SHE] 818 
40) 9.77 609 | 7 | 9.87 185 bg | 012815 | 9.90424 | 7° | 20 
41 626 87 211 0.12 789 | 9.90415 19 
mlz Anat Oey * 10 From the top: 
feito bea eee ed Peete ac 
44 | 9.77 677 | 17 | 9.87 290 | 3° | 0.12710 | 9.90 386 " 16} cad an ceiniod ee 
T 9.87 317 0.12 683 | 9.90 37 15 Okc anRAe 
9.87 343 | 2° | 0.12657 | 9.90368 | .° | 14 | 126°* or 8069+, read 
9.87 369 | 5° | 0.12631 | 9.90 358 | 1° | 13 | co-function. 
9.87 396 | 37 | 0.12 604 | 9.90349 | ,° | 19 
9.87 422 | 3f | 0.12578 | 9.90 339 ~ 11 
0.87 448 “a 0.13 552 9,90 330 sis 10 From the bottom: 
87 475 2525 | 9.90 320 9 
9.87 501 | 3° | 0.12499 | 9.90311 | ,°| g| For 58°+ or 288°, 
9.87 527 | 57 | 0.12473 | 9.90 301 | 1? | 7 | read as printed; for 
oa 26 | 0-12446 | 9.90292 |? | 6] 148°+ or 828°+, read 
pc eo 26 0.12 420 ee 9 5 | co-function. 
” ) a 0 : 
: 9, 
9, : she? 
ehok 
0 


—| || | 
_—_— | |_| 


LCos | dad! LCtn /cd!| LTan L Sin 
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L Sin 


9.77 946 


Pees oe ies] 
00 CO CO 
idler’ 
oe 
Now 


se 
eS 
Ss 


8 296 


yA 


RRNA AA 
oo 
wo 
=] 
Re) 


co 
& 
eo 


4 
(os) 
5 
ps 


-78 642 


OD DW OOO OO 


18 723 


sy 
oo 
<I 
S 
bo 


Nyy aay 
oo 
oo 
SS 
= 


pas 


L Tan 


9.87 711 
9,87 738 


8 210 


8 393 
88 446 


DOO DO OOO OOOOO HOOD DOOD OOO 


88 786 


3 968 


.89 046 


cd L Ctn 
0.12 289 
ae 0.12 262 
oe | 0412 236 
op | 0.12210 
oy | 0.12183 
og | 0-12 157 
oe | 0-12 131 
pp | 0.12 105 . 
on | 0.12 078 
36 | 0.12 052 
9g | 0:12026 
37 | 0-12.000 
oy | 0.11 973 
oe | 0-11 947 
a | Odd 921 
9g | O-Ll 895 
37 | 0-11 869 
3a | 0-11 842 
be | O-41 816 
Se Oxkk 790 
og | 0-11 764 
37 | O-LL 738 
Peni saree 
oe | 0-11 685 
3¢ | 0-11 659 
9g | 0-11 633 
oy | 0-41 607 
bq | 0-11 580 
oe | Oud1 554 
be | 0-11528 
9g | 0-11 502 
3e | 0-11 476 
97 | 0-11.450 
34 | 0-11 423 
oe | 0.11 397 
gg | 0-11 871 
oe | O-L1 345 
oe | 0-11 319 
bn | O-11 293 
bp | Ondd 267 
97 | 0-11 241 
og | 0-11 214 
3¢ | 0-11 188 
oe | Ont1 162 
oe | On11 136 
9g | 0-11 110 
3e | Ott 084 
36 | 0-11 058 
oe | 0-11 032 
oe | 0-11 006 
96 | 0-10980 
37 | 0-10 954 
34 | 0:10 927 
0.10 901 
Ps 0.10 875 
9g | 0-10849 
36 | 0:10 823 
5¢ | 0:10 797 
5¢ | 0-10 771 
be | 0-10 745 
0.10 719 
ed| L Tan 


L Cos 


9.90 235 
9.90 225 


9.90 216 
9.90 206 
9.90 197 
9.90 187 
9.90 178 
9.90 168 
9,90 159 
9.90 149 


9.90 13! 

9.90 130 
9.90 120 
9.90 111 
9.90 101 


9.90 091 
9.90 082 
9.90 072 
9.90 063 
9.90 053 


9.90 043 
9.90 034 
9.90 024 
9.90 014 
9.90 005 
9.89 995 
9.89 985 
9.89 976 
9.89 966 
9.89 956 
9.89 947 
9.89 937 
9.89 927 
9.89 918 
9.89 908 


9.89 898 


9.89 888: 


9.89 879 
9.89 869 
9.89 859 


9.89 849 
9.89 840 
9.89 830 
9.89 820 
9.89 810 


00 00 Go Se to OH 
rte} o 
me ae 
oe) a 
ne} ay 


co CO 


9 693 


WOO ODOOO OOOs 


L Sin 


oO 
“1S ePwrPwkhRaanac 


Prop. Pts. 
27 | 26) 17 
2 5.4) 5.2] 3.4 
Basel rae) sil 
4] 10.8 | 104] 6.8 
5 | 13.5 | 13.0] 8.5 
6 | 16.2 | 15.6 | 10.2 
7 | 18.9 | 18.2 | 11.9 
8 | 21.6 | 20.8 | 18.6 
9 | 24.3 | 23.4 | 15.3 
16 |10]| 9 
2) 8.2) 2100 | es) 
3 | 4.8 | 3.0 | 2.7 
4] 6.4 | 4.0 | 3.6 
5 | 8.0 | 5.0 | 4.5 
6] 9.6.| 6.0 | 5.4 
7 | 11.2 }-7.0 | 6.3 
8 | 12.8 | 8.0 | 7.2 
9 | 14.4 | 9.0 | 8.1 
From the top: 
For 37°+ or 217°+, 
read as printed; for 


127°+ or 307°+, read 
co-function. 


From the bottom: 


For 52°+or 282°+, 
read as printed; for 
142°+ or 322°, read 
co-function. | j 


Prop. Pts. 


52° — Logarithms of Trigonometric Functions: 


 LTan 


—— | |S | | | | 


9.89 281 | 0.10 719 | 9.89 653 
L -10 693 | 9.89 643 
0 667 | 9.89 633 
10 641 | 9.89 624 
10615 | 9.89 614 


Be 
1 
1 
-10.589 | 9.89 604 
1 
1 


9.78 999 |- 1 
9.79 015 


9.79 031 10.563 | 9.89594 2| 5.2] 5.0] 
9.79 047 .10 537 | 9.89 584 8/ -7.8./ 2754) 
9.79 063 10511 | 9.89574 4 | 10.4 | 10.0 
9.79 079 .10 485 | 9.89 564 5 ie ay y 
10459 | 9.89554 6 | 15. 5. 
.10 433 | 9.89 544 7 | 18.2 | 17.8 
10407 | 9.89534 8 | 20.8 | 20.0 
10 381 | 9.89524 9 | 23.4 | 22.5 f 
10: 9.89 514 j 
16 15 | 11 | 
2] 3.2) 30] oe 
13] 48] 45 Sam 
4| 64] 6.0] 44 
5| 8.0] 7.5] 5.5 
6| 9.6] 9.0] 6.6 — 
7 | 11.2 | 10.8.1 727 
8 | 12.8 | 12.0 | 8.8 
9 | 14.4 | 13.5 | 9.9 
hee 10} 9 
90 035 = \ 212.0118 > 
.09 939 | 9.89 354 3 | 3.0 | 2.7 
.09 914 | 9.89 344 4.| 4.0 | 3.6 
0.09 888 | 9.89 334 5 | 5.0 | 4.5 
0.09 862 | 9.89 324 6 | 6.0 | 5.4 
0.09 836 | 9.89 314 : i ee 
0.09 810 | 9.89 304 9/90/81 
0.09 784 | 9.89 294 ; ; 
0.09 758 | 9.89 284 
0.09 732 | 9.89 274 
0.09 706 | 9.89 264 
0.09 680 | 9.89 254 
0.09 654 | 9.89 244 
0.09 629 | 9.89 233 From the top: 
0.09 603 | 9.89 223 
0.09 577 | 9.89 213 For 38°+ or 218°+, 
bon 551 | 9.89 203 read as printed; for 
-09 525 | 9.89 193 128°+ or 308°+ ? 
0.09499 | 9.89 183 ees bait ta 
0.09 473 | 9.89173 SUC UO 
0.09 447 | 9.89 162 
0.09 422 | 9.89 152 From the bottom: 
0.09 396 | 9.89 142 Ts 
0.09370 9.89 132 For 51°+ or 231°+, 
0.09 9.89 122 read as printed; for 
0.09 266 | 9:89 091 oa 


$$ | ee | | aes | eens | 


Prop. Pts. +49 
~ Togaritions of ' Drigmometrie Functions — | 
’ 74a i te BURR 


9.79 887 
9.79 903 
9.79 918 
9.79 934: 
9.79 950 


9.80 274 
9.80 290 
9.80 305 
9.80 320 
9.80 336 
9.80 351 
9.80 366 


9.80 397 
9.80 412 
9.80 428 
9.80 443 
9.80 458 
9.80 473 
9.80 489 


9.80 504 
9.80 519 
9.80 534 
9.80 550 
9.80 565 


9.80 580 
9,80 595 
9.80 610 
9.80 625 
9.80 641 


9,80 656 
9,80 671 
9,80 686 
9.80 TOL 
9.80 716 
9,80 731 
9.80 746 
9.80 762 
9.80 777 
9.80 792 


9.80 807 


Ge eee eee Ge GOR eC BOR ES 


9.80 382 | 


L Tan 


9.90 863 
9.90 889 


9.90 940 
9.90 966 
9.90 992 
9.91 018 
9.91 043 
9.91 069 
9.91 095 
9.91 121 
9.91 147 
9.91 172 
9.91 198 
9.91 224 
9.91 250 
9.91 276 
9.91 301 
9.91 327 
9.91 353 
9.91 379 
9.91 404 
9.91 430 
9.91 456 
9.91 482 
9.91 507 
9.91 533 
9.91 559 
9,91 585 


9.91 610 
9.91 636 
9.91 662 
9.91 688 
9,91 713 
9.91 739 
9.91 765 
9.91 791 
9.91 816 
9.91 842 


9.91 868 
9.91 893 
9.91 919 
9.91 945 
9:91 971 


9.91 996 
9.92 022 
| 9.92 048 
9.92 073 
9.92 099 
9.92 125 


TL Cos 
50° — Logarithms of Trigonometric Functions 


9.92 150 
9.92 176 
9.92 202 
9.92 227 


9.92 253 
9.92 279 
9.92 304 
9.92 330 
9.92 356 


—. | | | —_—__———_ 


9.90 837 


9.90 914 | 


ed 


L Ctn 


0.09 163 


0.09 137 
0.09 111 
0.09 086 
0.09 060 
0.09 034 
0.09 008 
0.08 982 
0.08 957 
0.08 931 
0.08 905 
0.08 879 


08 390 
0: 


0 

.08 029 
-08 004 
OT 97 
0 


7 721 


39° — Logarithms of Trigonometric Functions 
L Sin 


L Cos d 
9.89 050 60 
9.89040 | 19 | 59 
9.89030 | 20 | 58 
9.89 020 | 19 | 57 
9.89 009 6 56 
9.88 999 55 
9.88 989 | 19 | 54 
9.88 978 | 11 | 53 
9.88 968 | 1° | 59 
9.88 958 ‘ Bl 
9.88 948 50 
9.88 937 | 11 | 49 
9.88 927 | 19 | 48 
9.88 917 | 19 | 47 
9.88 906 - 46 
9.88 896 45 
9.88 886 | 1° | 44. 
9.88 875 | 11 | 43 
9.88 865 |.29 | 49 
9.88 855 oy 41 
9.88 844. 40 
9.88 834 | 19 | 39 
9.88 824 | 19 | 38 
9,88 813 | 11 | 37 
9,88 803 7 36 
9.88 793 35 
9.88 782 | 11 | 34 
9.88 772 | 19 | 33 
9.88761 | 11 | 39 
9.88 751 ee 31 
9.88741 | 5, | 80 
9.88 730 29 
9,88. 720 | 2° | 98 
9.88 709 | 11 | 97 
9.88 699 7 26 
9.88 688 |---| 25 
9.88 678 - 24 
9.88 668 93 
9.88 657 | 24 | 992 
9.88 647 7" Pat 
9.88 636 | 5, | 20 
9.88 626 | 3) | 19 
9.88 615 18 
9.88 605 | 19 | 17 
9.88 594 res 16 
9.88584 | 5, | 15 
9.88 573 | 35 | 14 
9.88 563 | 37 | 13 
9.88 552 | 15 | 12 
9.88 542 | 1? | 11 
9.88531 | ,, | 10 
9.88521 | 45] 9 
9.88510 | 3; | 8 
9.88499 | 55 | 7 
9.88 489 | 17 | 6 
9.88478 | 5,| 5 
9.88468 | 35 | 4 
9.88457 | 35] 3 
9.88447 | 7 | 2 
9,88 436 1 
11 
9.88 425 0 


“85 


26 | 25 | 16 
2) 5.2 5.0} 3.2 
Oi 8 (csi) 4.8 
4| 10.4] 10.0] 6.4 
5 | 13.0 | 12.5 8.0 
6 | 15.6 | 15.0} 9.6 
% | 1852) |e oleae 
8 | 20.8 | 20.0 | 12.8 
9 | 23.4 | 22.5 | 14.4 
15 | 11] 10 
2) 3.0 | 2.2] 2.0 
3 4.5 | 3.3 | 3.0 
4 6.0 | 4.4 | 4.0 
5 7.5 | 5.5 | 5.0 
6] 9.0 | 6.6 | 6.0 
T }AOLB eT | 0 
8 | 12.0 | 8.8 | 8.0 
9 | 13.5] 9:9 | 9.0 
From the top: 
For 39°+ or 219°+, 
read as printed; for 
129°+ or 8309°+, read 
co-function. 


From the bottom: 


For 50°+ or 280°+, | 


read as printed; for] 
140°+ or 320°+, read 
co-function. 


86 


mr 
So OMNIA momne| a 


11 


Pe) EOoe |) -a 


40° — Logarithms of Trigonometric Functions 


L Sin 


9.80 807 


9.80 822 
9.80 837 
9.80 852 
9.80 867 


9.80 882 


30 00 


-81 136 


-81 195 


oo.co CO Nhe lo ole oe oho oe o) 
_ 
bo 
= 


.81 240 
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81 299 


81 343 
.81 358 


macnn @o 


81 490 
1505 


81 534 
1 563 
1592 
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ico) 
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9.81 694 


9.92 381 
9.92 407 
9.92 433 
9.92 458 
9.92 484 
9.92 510 
9.92 535 
9.92 561 
9.92 587 
9.92 612 
9.92 638 
9.92 663 
9.92 689 
9.92 715 
9.92 740 
9.92 766 
9.92 792 
9.92 817 
9.92 843 
9.92 868 
9.92 894 
9.92 920 
9.92 945 
9.92 971 
9.92 996 
9.93 022 
9.93 048 
9.93 073 
9.93 099 
9.93 124 
9.93 150 
9.93 175 
9.93 201 
9.93 227 
9.93 252 


9.93 278 
9.93 303 
9.93 329 
9.93 354 
9.93 380 
9.93 406 
9.93 431 
9.93 457 
9.93 482 
9.93 508 


9.93 533 
9.93 559 
9.93 584 
9.93 610 
9.93 636 
9.93 661 
9,93 687 
9.93 712 
9.93 738 
9.93 763 


9.93 789 
9.93 814 
9.93 840 
9.93 865 
9.93 891 


9.93 916 
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L Cos 


9.88 372 
9.88 362 
8 351 
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From the top: 


For 40°+ or 220°+, 
read as printed; for 
180°+ or 310°+, read 
co-function. 


From the bottom: 


For 49°+ or 229°+, 
read as printed; for 
139°+ or 319°+, read 
co-function. 


Prop. Pts. 
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181.825 | 15 


co 00 ete Boyes: jo ole ole ole ] 
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82.026 | 14 
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Co 000000 
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9.82 551 | 
L Cos 


Eu 


L Tan 


9.93 916 


9.93 942 
9.93 967 
9.93 993 
9.94 018 
9.94 044 
9.94 069 
9.94 095 
9,94 120 
9.94. 146 


9.94171 
9.94 197 
9.94 222 
9.94 248 
9.94. 273 
9.94 299 
9.94 324 
9.94 350 
9.94 375 
9.94 401 


9.94 426 
9,94 452 
9.94 477 
9.94 503 
9.94. 528 


9.94 554 
9.94 579 
9.94 604 
9.94 630 
9.94 655 


9.94 681 
9.94 706 
9.94 732 
9.94 757 
9.94 783 


9.94 808 
9.94 834 
9.94 859 
9.94 884 
9.94 910 


9.94 935 


ea 


SSS SOSSS SESES SES99 SS999 SES99 SSSD9SSS9999 


L Ctn 


0.06 084 
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.05 548 


05 472 
.05 446 
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0.04 810 
0.04 785 
0.04 760 
0.04 734 
0.04 709 


0.04 683 
0.04 658 
0.04 632 
0.04 607 
0.04 582 


0.04 556 
LCtn |cd| LTan 
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.87 243 
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| read as printed; for 
131°+ or 311°+, read | 
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From the top: 
For 41°+ or 221°+, 


co-function. 


From the bottom: 


For 48°+ or 228°, 
read as printed; for 
188°+ or 318°+, read 
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21!) For 44°+ or 224°+ 
20 | read as printed; fo: 
i 184°+ or 314°+, reac 
17 | co-function. 
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2.28638 13 
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2.32128 79 
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2.44346 10 
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2.47836 75 
2.49582 08 
2.51327 41 


2.53072 74 
2.54818 07 
2.56563 40 
2.58308 73 
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2.61799 39 
2.63544 72 
2.65290 05 
2.67035 38 
2.68780 70 


2.70526 03 
2.72271 36 
2.74016 69 
2.75762 02 
2.77507 35 


2.79252 68 
2.80998 01 
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2.86234 00 


2.87979 33 
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2.91469 99 
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0.00349 07 
0.00378 15 
0.00407 24 


0.00436 33 
0.00465 42 
0.00494 51 
0.00523 60 
0.00552 69 


0.00581 78 
0.00610 87 
0.00639 95 
0.00669 04. 


| 0.00698 13 


0.00727 22 
0.00756 31 
0.00785 40 
0.00814 49 
0.00843 58 


0.00872 66 
0.00901 75 
0.00930 84 
0.00959 93 
0.00989 02 


0.01018 11 
0.01047 20 
0.01076 29 
0.01105 38 
0.01134 46 


0.01163 55 
0.01192 64 
0.01221 73 
0.01250 82 
0.01279 91 


0.01309 00 
0.01338 09 
0.01367 17 
0.01396 26 
0.01425 35 


0.01454 44 
0.01483 53 
0.01512 62 
0.01541 71 
0.01570 80 


0.01599 89 
0.01628 97 
0.01658 06 
0.01687 15 
0.01716 24 


0.01745 33 
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Degrees Seconds 


“0.00000 00 


| 0.00024. 24: 


0.00000 48 
0.00000 97 
0.00001 45 
0.00001 94 


0.00002 42 
0.00002 91 
0.00003 39 
0.00003 88 
0.00004 36 


0.00004 85 
0.00005 33 
0.00005 82 
0.00006 30 
0.00006 79 


0.00007 27 
0.00007 76 
0.00008 24 
0.00008 73 
0.00009 21 


0.00009 70 
0.00010 18 
0.00010 67 
0.00011 15 
0.00011 64 


0.00012 12 
0.00012 61 
0.00013 09 
0.00013 57 
0.00014 06 


0.00014 54 
0.00015 03 
0.00015 51 
0.00016 00 
0.00016 48 


0.00016 97 
0.00017 45 
0.00017 94 
0.00018 42 | 
0.00018 91 


0.00019 39 
0.00019 88 
0.00020 36 
0.00020 85 
0.00021 33 


0.00021 82 
0.00022 30 
0.00022 79 
0.00023 27 
0.00023 76 


0.00024 73 | 
0.00025 21 | 
0.00025.70 | 
0.00026 18 

0.00026 66 
0.00027 15 
0.00027 63 
0.00028 12 
0.00028 60 


0.00029 09} 


V—Radian Measure — Trigonometric Functions 


-00000 


-01000 
02000 
-03000 
03999 


04998 
05996 


06994 
07991 
-08988 


09983 


10978 
11971 
12963 
13954 
14944 
15932 


16918 
-17903 
-18886 


19867 


-20846 
21823 
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50795 
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5° 43’.8 


6° 18'.2 
6° 52’.5 
7° 26.9 
8°01’.3 
8°:35'.7 
9° 10’.0 
9° 44’.4 
10° 18'.8 
10° 53'.2 


11° 27'.5 


12°01'.9 
12° 36’.3 
13° 10’.7 
13° 45’.1 
14° 19'.4 
14° 53/.8 
15° 28’.2 
16° 02’.6 


16° 36’.9 
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17° 45.7 
18° 20'.1 
18° 54’.5 
19° 28’.8 
20° 03.2 
20° 37'.6 
21° 12'.0 
21° 46'.3 
22° 20'.7 


22° 55’.1 


23° 29'.5 
24° 03’.9 
24° 38'.2 
25° 12’.6 
25° 47.0 
26° 21'.4 
26° 5B’.7 
27° 30'.1 


28° 04'.5 


28° 38’.9 


87758 


87274 
-86782 
86281 


-85771 
-85252 
84726 


-84190 
83646 


_ 83094 


-82534 
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81965 
-81388 
-80803 


-80210 
-79608 
-T78999 


78382 
-TTTST 
-T7125 


-76484 


-75836 
-75181 
T4517 


-73847 
-73169 
72484 


“T1791 
-71091 


-70385 


1.0296 


69671 


-68950 
-68222 
67488 


-66746 
65998 
65244 
64483 
63715 
62941 


-62161 
-61375 
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-68414 | 34° 22’, 


-69892 
-71391 
T2911 


1.0505 
1.0717 
1.0934 


1.1156 
1.1383 
1.1616 


34° 57’, 
35° 31’. 
36° 05’, 
36° 40’. 
37° 14’, 
37° 48’. 
38° 237, 
38° 57’. 
39° 32’ J 


45° 50’ 


46°24" 
46° 59". 
47° 33° 
48°07’. 


52° 42"." 


538° 51’. 
54° 25"! 
55° 00". 


57°17’. 
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Cos « | Tan & 


Sin x | Cos x | Tan x 


Equivalent 
of a 

« Radians 

Equivalent 
of x 


96356 | .26750 | 3.6021 | 74° 29'.1 


-96618 | .25785 | 3.7470 | 75° 03’.4 
.96872 | .24818 | 3.9033 | 75° 37’.8 


84147 | .54030 | 1.5574 | 57° 17’.7 


-84683 | .53186 | 1.5922 | 57° 52’.1 
-85211 | .52337 | 1.6281 | 58° 26’.5 
-85730 | .51482 | 1.6652 | 59° 00’.9 


3 
3 
0, 
)1 
)2 
)3 
i | .86240 | .50622 | 1.7036 | 59° 357.3 
16 
7 
18 
19 
10 
5 
2 


1. 

1. 

1. 

aie 
1.34 | .97348 | .22875 | 4.2556 | 76° 46’.6 
.86742 | .49757 | 1.7433 | 60° 09’.6 1.35 | .97572 | .21901 | 4.4552 | 77° 217.0 
.87236 | .48887 | 1.7844 | 60° 44’.0 1.36 | .97786 | .20924 | 4.6734 | 77° 55’.3 
.87720 | .48012 | 1.8270 | 61° 18’.4 1.37 | .97991 | .19945 | 4.9131 | 78° 29’.7 
-88196 | .47133 | 1.8712 | 61° 52’.8 1.38 | .98185 | .18964 | 5.1774 | 79° 04’.1 
.88663 | 46249 | 1.9171 | 62°27'.1 1.39 | .98370 | 17981 | 5.4707 | 79° 38’.5 
.89121 | .45360 | 1.9648 | 63° 01’.5 1.40 | .98545 | .16997 | 5.7979 | 80° 12’.8 
| .89570 | .44466 | 2.0148 | 63° 35’.9 1.41 | .98710 | .16010 | 6.1654 | 80° 47’.2 
-90010 | .43568 | 2.0660 | 64° 10’.3 1.42 | .98865 | .15023 | 6.5811 | 81° 21’.6 
(3. | .90441 | .42666 | 2.1198 | 64° 44’.7 1.43 | .99010 | .14033 | 7.0555 | 81° 56’.0 
4 | .90863 | .41759 | 2.1759 | 65° 19’.0 1.44 | .99146 | .13042 | 7.6018 | 82° 30’.4: 
5 | 91276 | .40849 | 2.2345 | 65° 537.4 1.45 | .99271 | .12050 | 8.2381 | 83° 04’.7 
6 | .91680 | .389934 | 2.2958 | 66° 277.8 1.46 | .99387 | .11057 | 8.9886 | 83° 39’.1 
7 | .92075 | .89015 | 2.3600 | 67° 02’.2 1.47 | .99492 | .10063 | 9.8874 | 84° 13.5 
8 | .92461 | .388092 | 2.4273 | 67° 36’.5 .| 1.48 | .99588 | .09067 | 10.983 | 84° 47’.9 
9 | .928387 | .37166 | 2.4979 | 68° 10’.9 | . 1.49 | .99674 | .08071 | 12.350 | 85° 22’.2 
10 .93204 | .386236 | 2.5722 | 68° 45’.3 1.50 | .99749 | .07074 | 14.101 | 85° 56’.6 
‘1 | .93562 | .85302 | 2.6503 | 69° 19’.7 1.51 | .99815 | .0G076 | 16.428 | 86° 31’.0 
2 | .93910 | .84365 | 2.7328 | 69° 54’.1 1.52 | .99871 | .05077 | 19.670 | 87° 05’.4 
3 | .94249 | .33424 | 2.8198 | 70° 28’.4 1.53 | .99917 | .04079 | 24.498 { 87° 39’.8 
4 | .94578 | .32480 | 2.9119 | 71° 02’.8 1.54 | .99953 | .03079 | 32.461 | 88° 14’.1 
5 |..94898 | .81532 | 3.0096 | 71° 37’.2 1.55 | .99978 | .02079 | 48.078 | 88° 48’.5 
G6 | .95209 | .380582 | 3.1133 | 72° 11’.6 1.56 | .99994 | .01080 | 92.621 | 89° 22’.9 

7 | .95510 | .29628 | 3.2236 | 72°45’.9 1.57 | 1.0000 | .00080| 1255.8 | 89° 57’.3 | 
8 | .95802 | .28672 | 3.3413 | 73° 20’.3 1.58 | .99996 |-.00920 |-108.65 | 90° 31’.6 
9 | .96084 | .27712 | 3.4672 | 73° 54’.7 1.59 | .99982 |-.01920 |-52.067 | 91° 06’.0 
0 | .96356 | .26750 | 3.6021 | 74° 297.1 1.60 | .99957 |-.02920 |-34.233 | 91° 40’.4. 
a radians = 180° a = 3.14159265 
; 1 radian = 57°17’ 44’’.806 = 57.° 2957795 


3660’’ = 60’ = 1° = .01745329 radian 


TABLE Va—RADIANS TO DEGREES 


Hunprepras | THOUSANDTHS |TEN-THOUSANDTHS 


57°17'44'".8 5°43’46’".5 | 0°34'22'".6 | 0° 3'26'7.3 0° 0/20".6 
114°35’29"".6 | 11°27'33’7.0 | 1° 8'45’7.3 | 0° 6'52'".5 0° 0'41''.3 
171°53'14’"-4 | 17°11'19’".4 | 1943/07’".9 | 0°10'18’’.8 0?-4701759 
229°10'59'".2 | 22°55/05'.9 | 2°17'30''.6 | 0°13'45"".1 0° 1'2277.5 | 
286°28'44'.0 | 28°38'52''.4 | 2°51'53’’.2 | 0°17711''.3 0° 1743’’.1 
843°46'28'".8 | 34922'38/'.9 | 3°26'15"".9 | 0°20'37’'.6 0° 2'03’'.8 
401° 4/13''.6 | 40° 6'25’".4 | 4° 0'38'".5 | 0°24'03’’.9 0° 2/24/74 
A58°21'58'".4. | 45°50'11'".8 | 4°35/01'".2 | 0°27'30"".1 0° 2'45'7.0 
515°39'43’".3 | 51°33/58’’.3 | 5° 9’23’.8 | 0°30'56’’.4 0° 3/05’’.6 


WWOIAAPorvre 


-97115 | .23848 | 4.0723 | 76° 12.2 | 


Table VI — Powers — Roots — Reciprocals 


Vn | V¥10n VY10n 
1.00 1.00000 | 3.16228 | 1.00000 | 1.00000 | 2.15443 | 4.64159 
~ 1.01 | 1.0201 | 1.00499 | 3.17805 | 1.03030 | 1.00332 | 2.16159 | 4.65701 
1.00995 | 3.19374 | 1.06121 | 1.00662 | 2.16870 | 4.67233 
1.01489 | 3.20936 | 1.09273 | 1.00990 | 2.17577 | 4.68755 | .97087 
1.01980 | 3.22490 | 1.12486 | 1.01316 | 2.18979 | 4.70267 | .96153 
1.02470 | 3.24037 | 1.15762 | 1.01640 | 2.18976 | 4.71769 | 195938 
1.02956 | 3.25576 | 1.19102 | 1.01961 | 2.19669 | 4.73262 | [94339 
1.03441 1.22504 | 1.02281 | 2.20358 | 4.74746 | .934571 
1.03923 | 1.25971 | 1.02599 | 2.21042 | 4.76290 | 92592 
1.04403 1.29503 | 1.02914 | 2.21792 | 4.77686 | (91743 
1.04881 1.33100 | 1.03228 | 2.22398 | 4.79142 | .909091 
1.05357 2.23070 | 4.80590 | .90090: 
2544 | 1.05830 2.23738 | 4.82028 | .89285' 
1.06301 2.24402 | 4.83459 | (884956 
1.06771 | 3.37639 2.25062 | 4.84881 | .87719% 
1.07238 | 3.39116 2.25718 | 4.86294 | .869562 
1.07703 | 3.40588 2.26370 | 4.87700 | .86206: 
1.08167 | 3.42053 | 1.60161 | 1.05373 | 2.27019 | 4.89097 | .854701 
1.08628 | 3.43511 | 1.64303 | 1.05672 | 2.27664 | 4.90487 | ‘847 
_119 1.09087 | 3.44964 | 1.68516 | 1.05970 | 2.28305 | 4.91868 | .84033 
1.09545 | 3.46410 83333! 
1.10000 | 3.47851 4.94609 | .82644¢ 
1.10454 | 3.49285 4.95968 | .819673 
1.10905 | 3.50714 4.97319 | .813005 
1.11355 | 3.52136 2.31459 806458 
1.11803 | 3.53553 2.32079 .800000 
1.12250 | 3.54965 2.32697 793651 
1.12694 | 3.56371 2.33311 787408 
: 1.13137 | 3.57771 2.33921 78125¢ 
r 1.13578 | 3.59166 2.34529 775194 
1.30 _1.14018 | 3.60555 1.09189 | 2.35133 | 5.06580 | .769231 
1.31 1.14455 | 3.61939 2.35738 .763356 
1.32 1.14891 | 3.63318 2.36333 TBTBTE 
1.33 1.15326 | 3.64692 2.36928 .75188¢ 
1.34 1.15758 | 3.66060 | 2.40610 | 1.10247 | 2.37521 | 5.11793 | .746969 
1.35 1.16190 | 3.67423 | 2.46038 | 1.10521 | 2.38110 | 5.12993 | 740741 
1.36 1.16619 | 3.68782 | 2.51546 | 1.10793 | 2.38697 | 5.14256 | (735204 
1.37 1.17047 | 3.70135 | 2.57135 | 1.11064 | 2.39980 | 5.15514 | .729997 
1.38 1.17473 | 3.71484 | 2.62807 | 1.11334 | 2:30861 | 5.16765 | "724638 
1.39° 1.17898 | 3.72827 | 2.68562 | 1.11602 | 2.40439 | 5.18010 | "719494 
1.40 | 1.9600 | 1.18322 | 3.74166 | 2.74400 | 1.11869 | 2.41014 714286 
1.41 1.18743 | 3.75500 | 2.80322 | 1.12135 | 2.41587 .709220 
1.42 1.19164 | 3.76829 | 2.86329 | 1.12399 | 2149156 704225 
1.43 1.19583 | 3.78153 | 2.92491 | 1.12662 | 2149794 699301 
1.44 1.20000 | 3.79473 | 2.98598 | 1.12994 | 2.43988 694444 
1.45 1.20416 | 3.80789 | 3.04862 | 1.13185 | 2.43850 689655 
1.46 1.20830 | 3.82099 | 3.11214 | 1.13445 | 244409 684932 
1.47 1.21244 | 3.83406 | 3.17652 | 1.13703 | 2.44966 | 5.27763 | .680272 
1.48 1.21655 | 8.84708 | 3.24179 | 1.13960 | 2.45590 | 5.28057 | ‘675676 
1.49 1.22066 |_3.86005 | 3.30795 | 1.14216 | 2.46072 | 5.30146 | (671141 
1.22474 | 3.87298 | 3.37500 | 1.14471 | 2.46621 | 5.31329 | .666667 


vn |V10n| n3 Yn | V¥10n|¥100n| 1/n 


Powers — Roots — Reciprocals 


oP 


95 


Sh Vn |v10n| n3 Vn | V10n |¥/100 | 1/n 
50 2.2500 1.22474 | 3.87298 | 3.37500 | 1.14471 | 2.46621 | 5.31329 | .666667 
eal 2.2801 | 1.22882 | 3.88587 | 3.44295 | 1.14725 2.47168 5.32507 | .662252 
52 2.3104 -) 1.23288 | 3.89872 | 3.51181 | 1.14978 | 2.47712 | 5.33680 | .657895 
53 2.3409 | 1.23693 | 3.91152 | 3.58158 | 1.15230 | 2.48255 | 5.34848 | .653595 
54 2.3716 | 1.24097 | 3.92428 | 3.65226 | 1.15480 | 2.48794 | 5.36011 | .649351 
55 2.4025 | 1.24499 | 3.93700 | 3.72388 | 1.15729 | 2.49332 | 5.37169 | .645161 
56 2.4336 | 1.24900 | 3.94968 | 3.79642 | 1.15978 | 2.49867 | 5.38321 | .641026 
OT 2.4649 | 1.25300 | 3.96232 | 3.86989 | 1.16225 | 2.50399 | 5.39469 | .636943 
58 2.4964 | 1.25698 | 3.97492 | 3.94431 | 1.16471 | 2.50930 | 5.40612 | .632911 
.59 2.5281 | 1.26095 | 3.98748 | 4.01968 | 1.16717 | 2.51458-| 5.41750 | .628931 
60 2.5600 | 1.26491 | 4.00000 | 4.09600 | 1.16961 | 2.51984 | 5.42884 | .625000 
.61 -} 2.5921 | 1.26886 | 4.01248 | 4.17328 | 1.17204 | 2.52508 | 5.44012 | .621118 
.62 2.6244 | 1.27279 | 4.02492 | 4.25153 | 1.17446 | 2.53030 | 5.45136 | .617284 
.63 2.6569 | 1.27671 | 4.03733 | 4.33075 | 1.17687 | 2.53549 | 5.46256_ | 613497 
64 2.6896 | 1.28062 | 4.04969 | 4.41094 | 1.17927 | 2.54067 | 5.47370 | .609756 
65 2.7225 | 1.28452 | 4.06202 |} 4.49212 | 1.18167 | 2.54582 | 5.48481 | .606061 
.66 2.7556 | 1.28841 | 4.07431 | 4.57430 | 1.18405 | 2.55095 | 5.49586 | .602410 | 
67 2.7889 | 1.29228 | 4.08656 | 4.65746 | 1.18642 |.2.55607 | 5.50688 | .598802 
.68 2.8224 | 1.29615 | 4.09878 | 4.74163 | 1.18878 | 2.56116 | 5.51785 | .595238 
-69 2.8561 | 1.30000 | 4.11096 | 4.82681 | 1.19114 | 2.56623 | 5.52877 | .591716 
70 2.8900 | 1.380384 | 4.12311 | 4.91300 | 1.19348 | 2.57128 | 5.53966 |, .588235 
RAL 2.9241 | 1.30767 | 4.13521 | 5.00021 | 1.19582 | 2.57631 | 5.55050 | .584795 
.72 2.9584 | 1.31149 | 4.14729 | 5.08845 | 1.19815 | 2.58133 | 5.56130 | .581395 
.73 2.9929 | 1.31529 | 4.15933 | 5.17772 | 1.20046 | 2.58632 | 5.57205 | .578035 
Th 3.0276 | 1.31909 | 4.17133 | 5.26802 | 1.20277 | 2.59129 | 5.58277 | .574713° 
15 3.0625 | 1.82288 | 4.18330 | 5.85938 | 1.20507 | 2.59625 | 5.59344 | .571429 
76 8.0976 | 1.82665 | 4.19524 | 5.45178 | 1.20736 | 2.60118 | 5.60408 | .568182 
ah 3.1329 | 1.33041 | 4.20714 | 5.54523 | 1.20964 | 2.60610 | 5.61467 | .564972 
-78 3.1684 | 1.33417 | 4.21900 | 5.63975 | 1.21192 | 2.61100 | 5.62523 | .561798 
fe) 8.2041 | 1.33791 | 4.23084 | 5.73534 | 1.21418 | 2.61588 | 5.63574 | .558659- 
80 3.2400 | 1.34164 | 4.24264 | 5.83200 | 1.21644 | 2.62074 | 5.64622 | .555556 
81 8.2761 | 1.84536 | 4.25441 | 5.92974 | 1.21869 | 2.62559 | 5.65665 | .552486 
82 3.3124 | 1.34907 | 4.26615 | 6.02857 | 1.22093 | 2.63041 | 5.66705 | .549451 
83 3.3489 | 1.35277 | 4.27785 | 6.12849 | 1.22316 | 2.63522 | 5.67741 | .546448 
84 3.3856 | 1.35647 | 4.28952 | 6.22950 | 1.22539 | 2.64001 | 5.68773.) .543478 
85° 3.4225 | 1.36015 | 4.30116 | 6.33162 | 1.22760 | 2.64479 | 5.69802 | .540541 
86 | 3.4596 | 1.36382 | 4.31277 | 6.43486 | 1.22981 | 2.64954 | 5.70827 | .537634 
87 3.4969 | 1.36748 | 4.82435 | 6.53920 | 1.23201 | 2.65428 | 5.71848 | .534759 
.88 8.5344 | 1.37113 | 4.33590 | 6.64467 | 1.23420 | 2.65901 | 5.72865 | .531915 
.89 8.5721 | 1.37477 | 4.34741 | 6.75127 | 1.28639 | 2.66371 | 5.73879 | ..529101 
90 8.6100 | 1.37840 | 4.35890 | 6.85900 | 1.23856 | 2.66840 | 5.74890 | .526316 
O91 3.6481 | 1.38203 | 4.37035 | 6.96787 | 1.24073 | 2.67307 | 5.75897 -523560 
92 3.6864 | 1.38564 | 4.38178 | 7.07789 | 1.24289 | 2.67773 | 5.76900 | .520883 
93 3.7249 | 1.38924 | 4.39318 | 7.18906 | 1.24505 2.68237 5.77900 | .518135 
94 3.7636 | 1.39284 | 4.40454 | 7.30188 | 1.24719 | 2.68700 | 5.78896 | .515464 
95 3.8025 | 1.39642 | 4.41588 | 7.41488 | 1.24933 | 2.69161 | 5.79889 512821 t 
96 8.8416 | 1.40000 | 4.42719 | 7.52954 | 1.25146 | 2.69620 | 5.80879 | .510204 
97 8.8809 | 1.40357 | 4.43847 | 7.645387 | 1.25359 | 2.70078 | 5.81865 507614 | — 
98 3.9204 | 1.40712] 4.44972 | 7.76239 | 1.25571.) 2.70534 5.82848 | .505051 | - 
99 3.9601 | 1.41067 | 4.46094 | 7.88060 | 1.25782 | 2.70989 | 5.83827 | .502513 | 
00 4.0000 | 1.41421 | 4.47214 | 8.00000 | 1.25992 | 2.71442 | 5.84804 -500000_} c 
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Powers — Roots — Reciprocals 


poten poet be 


poboto 


~ 
nS 
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vn |vi0n| n | Ya | ¥10n|¥100n| 1/n 
1.41421 | 4.47214 | 8.00000 | 1.25992 | 2.71442 | 5.84804 | .50000 
1.41774 | 448330 | 8.12060 | 1.26202 | 2.71893 5.85777 4975. 
1.42127 | 4.49444 | 8.24241 | 1.26411 | 2.72344 | 5.86746 | .49505 
1.42478 | 4.50555 | 8.36543 | 1.26619 | 2.72792 | 5.87713 | .49261 
1.42829 | 4.51664 | 8.48966 | 1.26827 | 2.73239 | 5.88677 | .49019 
1.43178 | 4.52769 | 8.61512 | 1.27033 | 2.73685 | 5.89637 | .48780 
1.43527 | 4.53872 | 8.74182 | 1.27240 | 2.74129 | 5.90594 | 48543 
1.43875 | 4.54973 | 8.86974 | 1.27445 | 2.74572 | 5.91548 | .48309) 
1.44222 | 4.56070 | 8.99891 | 1.27650 | 2.75014 | 5.92499 | .48076! 
1.44568 | 4.57165 | 9.12933 | 1.27854 | 2.75454 | 5.93447 | .47846! 
1.44914 | 4.58258 | 9 26100 | 1.28058 | 2.75892 | 5.94392 47619 
1.45258 | 4.59347 | 9.39393 | 1.28261 | 2.76330 | 5.95334 | .47393: 
1.45602 | 4.60435 | 9.52813 | 1.28463 | 2.76766 | 5.96273 | .47169) 
1.45945 | 4.61519 | 9.66360 | 1.28665 | 2.77200 | 5.97209 | .46943 
1.46287 | 4.62601 | 9.80034 | 1.28866 | 2.77633 | 5.98142 | .4672% 
1.46629 | 4.63681 | 9.93838 | 1.29066 | 2.78065 | 5.99073 | .46511 
1.46969 | 4.64758 | 10.0777 | 1.29266 | 2.78495 | 6.00000 | .46296; 
1.47309 | 4.65833 | 10.2183 | 1.29465 | 2.78924 | 6.00925 | .46082:! 
1.47648 | 4.66905 | 10.3602 | 1.29664 | 2.79352 | 6.01846 | .45871E 
1.47986 | 4.67974 | 10.5035 | 1.29862 | 2.79779 | 6.02765 | .45662: 
1.48324 | 4.69042 | 10.6480 | 1.30059 | 2.80204 | 6.03681 | .45454: 
1.48661 | 4.70106 | 10.7939 | 1.30256 | 2.80628 | 6.04594 | .45248: 
1.48997 | 4.71169 | 10.9410 | 1.30452 | 2.81050 | 6.05505 | .45045 
1.49332 | 4.72229 | 11.0896 | 1.30648 | 2.81472 | 6.06413 | .44843 
1.49666 | 4.73286 | 11.2394 | 1.30843 | 2.81892 | 6.07318 | .44642! 
1.50000 | 4.74342 | 11.3906 | 1.31037 | 2.82311 | 6.08220 | .444444 
1.50333 | 4.75395 | 11.5432 | 1.31231 | 2.82728 | 6.09120 | 44247; 
1.50665 | 4.76445 | 11.6971 | 1.31424 | 2.83145 | 6.10017 | .44052: 
1.50997 | 4.77493 | 11.8524 | 1.31617 | 2.83560 | 6.10911 | .43859% 
1.51827 | 4.78539 | 12.0090 | 1.31809 | 2.83974 | 6.11803 | .43668; 

eee 1 BIGSS |_4.:79583 | 12-1670 | 1.82001 | 2.84887 | 6.12603 | AS4TS 
1.51987 | 4.80625 | 12.3264 | 1.32192 | 2.84798 | 6.13579 | .43290( 
1.52815 | 4.81664 | 12.4872 | 1.82382 | 2.85209 | 6.14463 | .43103 
1.52643 | 4.82701 | 12.6493 | 1.32572 | 2.85618 | 6.15345 | .42918) 
1.52971 | 4.83735 | 12.8129 | 1.32761 | 2.86026 | 6.16224 | .42735( 
1.538297 | 4.84768 | 12.9779 | 1.82950 | 2.86433 | 6.17101 | .42553; 
1.53623 | 4.85798 | 13.1443 | 1.33139 | 2.86838 | 6.17975 | .42372: 
1.53948 | 4.86826 | 13.3121 | 1.83326 | 2.87243 | 6.18846 | .42194 
1.54272 | 4.87852 | 13.4813 | 1.83514 | 2.87646 | 6.19715 | .420165 
1.54596 | 4.88876 | 13.6519 | 1.33700 | 2.88049 | 6.20582 | .418411 
1.54919 | 4.89898 | 13.8240 | 1.33887 | 2.88450 | 6.21447 | .41666' 
1.55242 | 4.90918 | 13.9975 | 1.84072 | 2.88850 | 6.22308 | .41493; 
1.55563 | 4.91935 | 14.1725 | 1.34257 | 2.89249 | 6.23168 | .41329: 
1.55885 | 4.92950 | 14.3489 | 1.34442 | 2.89647 | 6.24025 | .41152! 
1.56205 | 4.93964 | 14.5268 | 1.34626 | 2.90044 | 6.24880 | .409831 
1.56525 | 4.94975 | 14.7061 | 1.34810 | 2.90439 | 6.25732 | .40816 
1.56844 | 4.95984 | 14.8869 | 1.34993 | 2.90834 | 6.26583 | .40650: 
1.57162 | 4.96991 | 15,0692 | 1.35176 | 2.91297 | 6.27431 | .40485: 
1.57480 | 4.97996 | 15.2530 | 1.35358 | 2.91620 | 6.28276 | .403221 
1.57797 | 4.98999 | 15.4382 | 1.35540 | 2.92011 | 6.29119 | .401601 
1.58114 | 5.00000 | 15.6250 | 1.35721 | 2.92402 | 6.29961 | .400001 
vn |V10n| n’3 Vn | VY10n |Y100n| 1/n 
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Powers — Roots — Reciprocals 
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V100n| 1/n 


a 
(=) 


6.29961 | .400000 


COeN CCH Choe 


6.30799 | .3898406 
6.31636 | .896825 
6.32470 | .895257 


6.33303 | .3893701 
6.34133 | .892157 
6.34960 | .390625 


6.385786 | .389105 
6.36610 | .387597 
6.37431 | .386100 


6.38250 | .384615 


oe te ee ae ae eee Le pee ne ne, ane en ad Shae ae, 
Ne 


BAD AAD ARDS oH trone 
BSS SSP SVSS\Sl sam ww ors 


6.39068 | .383142 | 
6.39883 | .381679 
6.40696 | .380228 


6.41507 | .378788 
6.42316 | .377358 
6.45123 | .375940 


6.43928 | .374532 
6.44731 | .3738134 
6.45531 | .371747 


~ 
=) 


6.46330 | .3870370 


Cie eee Te aoa Met ed inte we |e 
y’AN ANA ny 
SHA San wwe 


6.47127 | .869004 
6.47922 | .367647 
6.48715 | .366300 


6.49507 | .364964 
6.50296 | .363636 
6.51083 | .362319 


6.51868 | .361011 
6.52652 | .359712 
6.53434 | .858423 


6.54213 | .357143. 


OSloweca ow fe 
o/S3R SRR 


6.54991 | .355872 
6.55767 | .854610 
6.56541 | .853357 


| 6.57314 | 3852118 
6.58084 | .350877 
6.58853 | .349650 


6.59620 | .348432 
6.60385 | .3847222 
6.61149 | 346021 


6.61911 | .344828 


6.62671 | .343643 | 
6.63429 | .342466 
6.64185 | .341297 


6.64940 | .340136 
6.65693. | .338983 
6.66444 | .337838 


6.67194 | .336700 
6.67942 | .335570 | 
6.68688 | .334448 | ~~ 


6.69433 | 333333 | 
VY1007| 1/n 


Powers — Roots — Reciprocals 


n? vn | V10n 
9.0000 | 1.73205 | 5.47723 | 27. ; 3.10723 


9.0601 | 1.73494 | 5.48635 3.11068 | 6.70176 | . 
9.1204 | 1.73781 | 5.49545 3.11412 | 6.70917 
9.1809 | 1.74069 | 5.50454 | 27.8181 | 1.44704 3.11756 | 6.71657 


9.2416 | 1.74356 | 5.51362 | 28.0945 | 1.44863 | 3.12098 | 6.72395 
9.3025 | 1.74642 | 5.52268 | 28.3726 | 1.45022 | 3.12440 | 6.73132 
9.3636 | 1.74929 | 5.53173 | 28.6526 | 1.45180 | 3.12781 | 6.73866 


9.4249 | 1.75214 | 5.54076 | 28.9344 | 1.45338 | 3.13121 | 6.74600 
9.4864 | 1.75499 | 5.54977 | 29.2181 | 1.45496 | 3.13461 | 6.75331 
9.5481 | 1.75784 | 5.55878 | 29.5036 | 1.45653 | 3.13800 | 6.76061 


9.6100 | 1.76068 | 5.56776 | 29:7910 | 1.45810 | 3.14138 | 6.76790 


9.6721 | 1.76352 | 5.57674 | 30.0802 | 1.45967 | 3.14475 | 6. T7517 . 
9.7344 | 1.76635 | 5.58570 | 30.3713 | 1.46123 | 3.14812 
9.7969 | 1.76918 | 5.59464 | 30.6643 | 1.46279 | 3.15148 


9.8596 | 1.77200 | 5.60357 | 30.9591 | 1.46434 | 3.15483 
9.9225 | 1.77482 | 5.61249 ‘ 465 3.15818 
9.9856 | 1.77764 | 5.62139 : ‘ 3.16152 


10.0489 | 1. : < 4686 3.16485 
10,1124 | 1. -638 32. 1.47 3.16817 
10.1761 | 1. : 46 : 3.17149 


1.47361 


A : *| 1.47515 | 3.17811 
5.67450 - 1.47668 | 3.18140 
5.68331 6 1.47820 | 3.18469 


5.69210 | 34.0122 | 1.47973 | 3.18798 
5.70088 | 34.3281 | 1.48125 | 3.19125 
5.70964 | 34.6460 | 1.48277 | 3.19452 


5.718389 | 34.9658 | 1.48428 | 3.19778 
, 35.2876 | 1.48579 | 3.20104 
10. ‘8241 5 i. 35.6113 | 1.48730 | 3.20429 


10.8900 | 1.81656 744 4 1.48881 | 3.20753 
10.9561 | 1.81§ ‘ b. 1.49031 
11.0224 | 1. c : ie 1.49181 
11.0889 | 1. ‘ & .9260 | 1.49330 | 3. 21722 


11.1556 | 1.82757 | 5.77¢ : 1.49480 | 3.22044 
11.2225 | 1.83030 | 5.7875 5S 1.49629 | 3.22365 
y 1.83303 | 5.796 . 1.49777 | 3.22686 


1.83576 | 5. é 1.49926 | 3.23006 
1.83848 | 5. 4 1.50074 | 3.23325 
1.84120 | 5. ‘ 1.50222 | 3.23643 | 6.97268 


1.84391 9. 1.50369 | 3.23961 | 6.97953 


5.83952 | 39.6518 | 1.50517 | 3.24278 | 6.98637 
5.84808 | 40.0017 | 1.50664 | 3.24595 | 6.99319 
5.85662 | 40.3536 | 1.50810 | 3.24911 


5.86515 | 40.7076 | 1.50957 | 3.25297 
5.87367 | 41.0636 | 1.51103 | 3.25542 
5.88218 | 41.4217 | 1.51249 | 3.25856 


5.89067 | 41.7819 | 1.51394 | 3.26169 
5.89915 | 42.1442 | 1.51540 | 3.26482 
5.90762 | 42.5085 | 1.51685 | 3.26795 


1.51829 | 3.27107 
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12.3904 
12.4609 
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12.6025 
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12.7449 
12.8164 


12.9600 


12.8881 
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284091 
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282486 
281690 
-280899 


280112 
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274725 
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.272480 
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Powers — Roots — Reciprocals 
Vn |V10n| n3 Vn | VY10n|V100n 


2.00000 | 6.32456 | 64.0000 | 1.58740 | 3.41995 | 7.36806 


16.0000 


4.01 16.0801 | 2.00250 | 6.33246 | 64.4812 | 1.58872 | 3.42280 | 7.37420 
4.02 | 16.1604 | 2.00499 | 6.34035 | 64.9648 | 1.59004 | 3.42564 | 7.38032 
4.03 | 16.2409 | 2.00749 | 6.34823 | 65.4508 | 1.50136 | 3.42848 | 7.38644 
4.04 | 16.3216 | 2.00998 | 6.35610 | 65.9393 | 1.59267 | 3.43181 | 7.39254 
4.05 | 16.4025 | 2.01246 | 6.36396 | 66.4301 | 1.59399 | 3.43414 | 7.39864 
4.06 | 16.4836 | 2.01494 | 6.37181 | 66.9234 | 1.59530 | 3.43697 | 7.40472 
4.07 | 16.5649 | 2.01742 | 6.37966 | 67.4191 | 1.59661 | 3.43979 | 7.41080 
4.08 | 16.6464 | 2.01990 | 6.38749 | 67.9173 | 1.59791 | 3.44260 | 7.41686 | | 
4.09 | 16.7281 | 2.02237 | 6.39531 | 68.4179 | 1.59922 | 3.44541 | 7.42291 | . 
4.10 | 16.8100 | 2.02485 | 6.40312 | 68.9210 | 1.60052 | 3.44822 | 7.42806 
4.11 | 16.8921 | 2.02731 | 6.41093 | 69.4265 | 1.60182 | 8.45102 | 7.43499 | .24330: 
4.12 | 16.9744 | 2.02978 | 6.41872 | 69.9345 | 1.60312 | 3.45382 | 7.44102 | ‘24971 
4.13 | 17.0569 | 2.03224 | 6.42651 | 70.4450 | 1.60441 | 3.45661 | 7.44703 | 124213) 
4.14 | 17.1396 | 2.03470 | 6.43428 | 70.9579 | 1.60571 | 3.45939 | 7.45504 | 241546 
4.15 | 17.2225 | 2.03715 | 6.44205 | 71.4734 | 1.60700 | 3.46218 | 7.45904 | [240965 
4.16 | 17.3056 | 2.03961 | 6.44981 | 71.9913 | 1.60829 | 3.46496 | 7.46502 | [24038 
4.17 | 17.3889 | 2.04206 | 6.45755 | 72.5117 | 1.60958 | 3.46773 | 7.47100 | .23980: 
4.18 | 17.4724 | 2.04450 | 6.46529 | 73.0346 | 1.61086 | 3.47050 | 7.47697 | 123993 
4:19 | 17.5561 | 2.04695 | 6.47302 | 73.5601 | 1.61215 | 3.47327 | 7.48292 | .23866; 
4.20 | 17.6400 | 2.04939 | 6.48074 | 74.0880 | 1.61343 | 3.47603 | 7.48887 | .238098 
17.7241 | 2.05183 | 6.48845 | 74.6185 | 1.61471 | 3.47878 | 7.49481 | .23753 
17,8084 | 2.05426 | 6.49615 | 75.1514 | 1.61599 | 3.48154 | 7.50074 236967 
17.8929 | 2.05670 | 6.50384 | 75.6870 | 1.61726 | 3.48498 | 750666 | |236401 
17.9776 | 2.05913 | 6.51153 | 76.2250 | 1.61853 | 3.48703 | 7.51257 | .23584: 
18,0625 | 2.06155 | 6.51920 | 76.7656 | 1.61981 | 3.48977 7.51847 | .235294 
18.1476 | 2.06398 | 6.52687 | 77.3088 | 1.62108 | 3.49250 | 7.52437 | (234745 
27 | 18.2329 | 2.06610 | 6.53452 | 77.8548 | 1.62984 | 3.49593 | 7.53025 | .2s4r9: 
: 18.3184 | 2.06882 | 6.54217 | 78.4028 | 1.62361 | 3.49796 7.53612 | .2336 
o2f 18.4041 | 2.07123 | 6.54981 | 78.9536 | 1.62487 | 3.50068 7.54199 | 233106 
4.80 | 18.4900 | 2.07364 | 6.55744 | 79.5070 | 1.62618 | 3.50340 | 7.54784 | 280555 
4.31 | 18.5761 | 2.07605 | 6.56506 | 80.0630 | 1.62739 | 3.50611 | 7.55369 | .230015 
4.32 | 18.6624 | 2.07846 | 6.57267 | 80.6216 | 1.62865 | 3.50882 | 7.55053 | (231481 
4.33 | 18.7489 | 2.08087 | 6.58027 | 81.1827 | 1.62091 | 3.51153 | 7.56535 | {230997 
4.34 | 18.8356 | 2.08327 | 6.58787 | 81.7465 | 1.63116 | 3.51423 | 7.57117 | 230418 
4.35 | 18.9225 | 2.08567 | 6.59545 | 82.3129 | 1.63241 | 3.51602 | 7.57698 | {299881 
4.36 | 19.0096 | 2.08806 | 6.60303 | 82.8819 | 1.63366 | 3.51962 | 7.58279 | ‘200355 
4.37 | 19.0969 | 2.09045 | 6.61060 | 83.4535 | 1.63491 | 3.52931 | 7.58858 | 298838 
4.38 | 19.1844 | 2.09284 | 6.61816 | 84.027 | 1.63619 | 3.52499 | 7'39436 | {298311 
4.39 | 19.2721 | 2.09523 | 6.62571 | 84.6045 | 1.63740 | 3.52767 ‘227790 
4.40 | 19.3600 | 2.09762 | 6.63325 | 85.1840 | 1.63864 | 3.53035 2H 
4.41 | 19.4481 | 2.10000 | 6.64078 | 85.7661 | 1.63988 | 3.53902 226751 
4.42 | 19.5364 | 2.10238 | 6.64831 | 86.3509 | 1.64112 | 3.53569 | 7. 226244 
4.43 | 19.6249 | 2.10476 | 6.65582 | 86.9383 | 1.64236 | 3.53835 | 7.62315 | (295734 
4.44 | 19.7136 | 2.10713 | 6.66333 | 87.5284 | 1.64359 | 3.54101 | 7.62888 | 295998 
4.45 | 19.8025 | 2.10950 | 6.67083 | 88.1211 | 1.64483 | 3.54367 | 763461 | ‘04716 
4.46 | 19.8916 | 2.11187 | 6.67832 | 88.7165 | 1.64606 | 3.54632 | 7.61039 | ‘g0491P 
4.47 | 19.9809 | 2.11424 | 6.68581 | 99.3146 | 1.64729 | 3.54897 293714 
4.48 | 20.0704 | 2.11660 | 6.69328 | 89.9154 | 1164851 | 3:55169 293914 
4.49 | 20.1601 | 2.11896 | 6.70075 | 90.5188 | 1.64974 | 3.55496 220717 
4.50 | 20.2500 | 2.12132 | 6.70820 | 91.1950 | 1.65096 | 3.55689. 229999 
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Powers — Roots — Reciprocals 


101 


vn Vn | ¥10n|V100n} 1/n 
50 | 20.2500 | 2.12132 | 6.70820 | 91.1250 | 1.65096 | 3.55689 | 7.66309 | .222999 
1.51 | 20.3401 | 2.12368 | 6.71565 | 91.7339 | 1.65219 | 3.55953 | 7.66877 | .221729 
L.52 | 20.4304 | 2.12603 | 6.72309 | 92.3454 | 1.65341 | 3.56215 | 7.67443 | .291939 
L.53 | 20.5209 | 2.12838 | 6.73053 | 92.9597 | 1.65462 | 3.56478 | 7.68009 | .220751 
1.54 | 20.6116 | 2.13073 | 6.73795 | 93.5767 | 1.65584 | 3.56740 | 7.68573 | .220264 
L.55 | 20.7025 | 2.13307 | 6.74537 | 94.1964 | 1.65706 | 3.57002 | 7.69137 | 219780 
56 | 20.7936 | 2.13542 | 6.75278 | 94.8188 | 1.65827 | 3.57263 | 7.69700 | .219298 
L.57 | 20.8849 | 2.13776 | 6.76018 | 95.4440 | 1.65948 | 3.57524 | 7.70262 | .218818 
58 | 20.9764 | 2.14009 | 6.76757 | 96.0719 | 1.66069 | 3.57785 | 7.70824 | .218341 
59 | 21.0681 | 2.14243 | 6.77495 | 96.7026 | 1.66190 | 3.58045 | 7.71384 | .217865 
60 | 21.1600 | 2.14476 | 6.78233 | 97.3360 | 1.66310 | 3.58305 | 7.71944 | 217391 
L.61 © | 21.2521 | 2.14709 | 6.78970 | 97.9722 | 1.66431 | 3.58564 | 7.72503 | .216920 
62 | 21.3444 | 2.14942 | 6.79706 | 98.6111 | 1.66551 | 3.58823 | 7.73061 | 216450 
63 | 21.4369 | 2.15174 | 6.80441 | 99.2528 | 1.66671 | 3.59082 | 7.73619 | .215983 
64 | 21.5296 | 2.15407 | 6.81175 | 99.8973 | 1.66791 | 3.59340 | 7.74175 | 215517 
L.65 | 21.6225 | 2.15639 | 6.81909 | 100.545 | 1.66911 | 3.59598 | 7.74731 | .215054 
£66 | 21.7156 | 2.15870 | 6.82642 | 101.195 | 1.67030 | 3.59856 | 7.75286 | .214592 
L67 | 21.8089 | 2.16102 | 6.83374 | 101,848 | 1.67150 | 3.60113 | 7.75840 | .214133 
68 | 21.9024 | 2.16333 | 6.84105 | 102.503 | 1.67269 | 3.60370 | 7.76394 | .213675 
69 | 21.9961 | 2.16564 | 6.84836 | 103.162 | 1.67388 | 3.60626 | 7.76946 | .213220 
70 | 22.0900 | 2.16795 | 6.85565 | 103.823 | 1.67507 | 3.60883 | 7.77498 | .212766_ 
L71 | 22.1841 | 2.17025 | 6.86294 | 104.487 | 1.67626 | 3.61138 | 7.78049 | .212314 
L72 | 22.9784 | 2.17256 | 6.87023-| 105.154 | 1.67744 | 3.61394 | 7.78599 | .211864 
.73 | 22.3729 | 2.17486 | 6.87750 | 105.824 | 1.67863 | 3.61649 | 7.79149 | .211416 
74 | 22.4676 | 2.17715 | 6.88477 | 106.496 | 1.67981 | 3.61903 | 7.79697 | .210970 
L75 | 22.5625 | 2.17945 | 6.89202 | 107.172 | 1.68099 | 3.62158 | 7.80245 | .210526 
76 | 22.6576 | 2.18174 | 6.89928 | 107.850 | 1.68217 | 3.62412 | 7.80793 | .210084 
L77 | 22.7529 | 2.18403 | 6.90652 | 108.531 | 1.68334 | 3.62665 | 7.81339 | .209644 
L78 | 22.8484 | 2.18632 | 6.91375 | 109.215 | 1.68452 | 3.62919 | 7.81885 | .209205 
79 | 22.9441 | 2.18861 | 6.92098 | 109.902 | 1.68569 | 3.63172 | 7.82429 | .208768 
80 | 23.0400 | 2.19089 | 6.92820 | 110.592 | 1.68687 | 3.63424 | 7.82974 |_.208333_ 
.B1 | 23.1361 | 2.19817 | 6.93542 | 111.285 | 1.68804 | 3.63676 | 7.83517 | .207900 
82 | 23.9394 | 2.19545 | 6.94262 | 111.980 | 1.68920 | 3.63928 | 7.84059 | .207469 
83 | 23.3289 | 2.19773 | 6.94982 | 112.679 | 1.69037 | 3.64180 | 7.84601 | .207039 
.84 | 23.4256 | 2.20000 | 6.95701°] 113.380 | 1.69154 | 3.64431 | 7.85142 | .206612 
“85 | 23.5225 | 2.20297 | 6.96419 | 114.084 | 1.69270 | 3.64682 | 7.85683 | .206186 
.86 | 23.6196 | 2.20454 | 6.97137 | 114.791 | 1.69386 | 3.64932 | 7.86222 | .205761 
.87 | 23.7169 | 2.20681 | 6.97854 | 115.501 | 1.69503 | 3.65182 | 7.86761 | .205339 | 
.88 | -23.8144 | 2.20907 | 6.98570 | 116.214 | 1.69619 | 3.65432 | 7.87299 | .204918 
89 | 23.9121 | 2.21133 | 6.99285 | 116.930 | 1.69734 | 3.65681 | 7.87837 _|-.204499 
90 | 24.0100 | 2.21359 | 7.00000 | 117.649 | 1.69850 | 3.65931 | 7.88374 | .204082 
91 | 24.1081 | 2.91585 | 7.00714 | 118.371 | 1.69965 | 3.66179 | 7.88909 | .203666 
‘92 | 24.2064 | 2.21811 | 7.01427 | 119.095 | 1.70081 | 3.66428 | 7.89445 | .203252 
193 | 24.3049 | 2.22036 | 7.02140 | 119.823 | 1.70196 | 3.66676 | 7.89979 | .202840 
94 | 24.4036 | 2.29961 | 7.02851 | 120.554 | 1.70311 | 3.66924 | 7.90513 | .202429 
‘95 | 24.5025 | 2.22486 | 7.03562 | 121.287 | 1.70426 | 3.67171 | 7.91046 | .202020 
‘96 | 24.6016 | 2.29711 | 7.04273 | 122.024 | 1.70540 | 3.67418 | 7.91578 | .201613 | 
97 | 24.7009 | 2.92935 | 7.04982 | 122.763 | 1.70655 | 3.67665 | 7.92110 
(98 | 24.8004 | 2.93159 | 7.05691 | 123.506 | 1.70769 | 3.67911 | 7.92641 
‘99 | 24.9001 | 2.23383 | 7.06399 | 124.251 | 1.70884 | 3.68157 | 7.93171 : 
00 | 25.0000 | 2.23607 | 7.07107 | 125.000 | 1.70998 7.93701 


n 


vn 


v10n 


n® 
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Powers — Roots — Reciprocals 
Vn |V10n| n? vn 


5.00 | 25.0000 | 2.23607 | 7.07107 | 125.000 | 1.70998 | 3.68403 | 7.93701 

5.01 | 25.1001 | 2.23830 | 7.07814 | 125.752 | 1.71112 | 3.68649 | 7.94229 | . 

5.02 | 25.2004 | 2.24054 | 7.08520 | 126.506 | 1.71225 | 3.68894 | 7.94757 | .1 

5.03 | 25.3009 | 2.24277 } 7.09225 | 127.264 | 1.71339 | 3.69138 | 7.95285 

5.04 | 25.4016 | 2.24499 | 7.09930 | 128.024 | 1.71452 | 3.69383 | 7.95811 

5.05 | 25.5025 | 2.24722 | 7.10634 | 128.788 | 1.71566 | 3.69627 | 7.96337 

5.06 | 25.6036 | 2.24944 | 7.11337 | 129.554 | 1.71679 | 3.69871 | 7.96863 

5.07 | 25.7049 | 2.25167 | 7.12039 | 130.324 | 1.71792 | 3.70114 | 7.97387 

5.08 | 25.8064 | 2.25389 | 7.12741 | 131.097 | 1.71905 | 3.70357 | 7.97911 

5.09 | 25.9081 | 2.25610 | 7.13442 | 131.872 | 1.72017 | 3.70600 | 7.98434 

5.10 | 26.0100 | 2.25832 | 7.14143 | 132.651 | 1.72130 3.70843 | 7.98957 | . 

5.11 | 26.1121 | 2.26053 | 7.14843 | 133.483 | 1.72242 | 3.71085 | 7.99479 | .195695 
5.12 | 26.2144 | 2.25274 | 7.15542 | 134.218 | 1.72355 | 3.71327 | 8.00000 | .195312 
5.13 | 26.3169 | 2.26495 | 7.16240 | 135.006 | 1.72467 | 3.71569 | 8.00520 | .194932 
5.14 | 26.4196 | 2.26716 | 7.16938 | 135.797 | 1.72579 | 3.71810 | 8.01040 | .194553 
5.15 | 26.5225 | 2.26936 | 7.17635 | 136.591 | 1.72691 | 3.72051 | 8.01559 | .194175 
5.16 | 26.6256 | 2.27156 | 7.18331 | 137.388 | 1.72802 | 3.72292 | 8.02078 | .198798 
5.17 | 26.7289 | 2.27376 | 7.19027 | 138.188 | 1.72914 | 3.72532 | 8.02596 | .193424 
5.18 | 26.8324 | 2.27596 | 7.19722 | 138.992 | 1.73025 | 3.72772 | 8.03113 | .193050 
5.19 | 26.9361 | 2.27816 | 7.20417 | 139.798 | 1.73137 | 3.73012 | 8.03629 | .192678 
5.2 27.0400 | 2.28035 | 7.21110 | 140.608 | 1.73248 | 3.73251 | 8.04145 | .192308 


0 

21 | 27.1441 | 2.28254 | 7.21803 | 141.421 | 1.73359 | 3.73490 | 8.04660 | .191939 
22 | 27,2484 | 2.28473 | 7.22496 | 142.237 | 1.73470 | 3.73729 | 8.05175 | .191571 
2 27.3529 | 2.28692 | 7.23187 | 143.056 | 1.73580 | 3.73968 | 8.05689 | .191205 


5 
5 
5 
5. 27.4576 | 2.28910 | 7.23878 | 143.878 | 1.73691 | 3.74206 | 8.06202 | .190840 
5. 27.5625 | 2.29129 | 7.24569 | 144.703 | 1.73801 | 3.74443 | 8.06714 | .190476 
5. 
5 
5 
5 


| ff 


145,532 | 1.73912 | 3.74681 | 8.07226 | .190114 


146.363 | 1.74022 | 3.74918 | 8.07737 | .189753 
147.198 


1.74132 | 3.75155 | 8.08248 | .189394 
148.036 


148.877 


— | | | 


149.721 | 1.74461 | 3.75865 | 8.09776 | .188324 
150.569 | 1.74570 | 3.76101 | 8.10284 | .187970 
151.419 | 1.74680 | 3.76336 | 8.10791 | .187617 


152.273 | 1.74789 | 3.76571 | 8.11298 | .187266 
153.130 | 1.74898 | 3.76806 | 8.11804 | .186916 
153.991 | 1.75007 | 3.77041 | 8.12310 | .186567 


154.854 | 1.75116 | 3.77275 | 8.12814 | .186220 
155.721 | 1.75224 | 3.77509 | 8.13319 | .185874 
156.591 | 1.75333 | 3.77743 | 8.13822 | .185529 


157.464 | 1.75441 | 3.77976 | 8.14325 | .185185 


| | | 


158.340 | 1.75549 | 3.78209 | 8.14828 | .184843 
159.220 | 1.75657 | 3.78442 | 8.15329 | .184502 
160.103 | 1.75765 | 3.78675 | 8.15831 | .184162 


160.989 | 1.75873 | 3.78907 | 8.16331 | .183824 
161.879 | 1.75981 | 3.79189 | 8.16831 | .183486 
162.771 | 1.76088 | 3.79371 | 8.17330 | .183150 


163.667 | 1.76196 | 3.79603 | 8.17829 | .182815 
164.567 | 1.76303 | 3.79834 | 8.18327 | .182482 
165.469 | 1.76410 | 3.80065 | 8.18824 | .182149 


| — | 


166.375 | 1.76517 | 3.80295 | 8.19321 .181818 
nm | Yn | Yi0n|V100n| 1/n 


|—_—$ J ———— | 


28.7296 | 2.31517 | 7.32120 
87 | 28.8369 | 2.31733 | 7.32803 


| | | 


—— | | 


2.34521 | 7.41620 


a 
3 
: 


nt | Vn | Vi0n 
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n vn | V10n}| n3 Vn | V10n |100n} 1/n 
30.2500 | 2.34521 | 7.41620 | 166.375 _ 1.76517 | 3.80295 | 8.19321 | .181818 . 
30.3601 | 234734 | 7.42294 | 167.284 | 1.76624 | 3.80526 | 8.19818 | .181488 : 
30.4704 | 2.34947 | 7.42967 | 168.197 | 1.76731 | 3.80756 | 8.20313 | .181159 h 
30.5809 | 2.35160 | 7.43640 269.112 1.76838 | 3.80985 | 8.20808 | .180832 i 
| 30,6916 | 2.35372 | 7.44312 | 170.031 | 1.76944 | 3.81215 | 8.21303 | .180505’ I 
30.8025 | 2.35584 | 7.44983 | 170.954 | 1.77051 | 3.81444 | 8.21797 | .180180 
30.9136 | 2.35797 | 7.45654 | 171.880 | 1.77157 | 3.81673 | 8.22290 | .179856 } 
31.0249 | 2.36008 | 7.46324 | 172.809 | 1.77263 | 3.81902 | 8.22783 |. .179533 | 
31.1364 | 2.36220 | 7.46994 | 173.741 | 1.77369 | 3.82130 | 8.23275 | .179211 
31.2481 | 2.36432 | 7.47663 | 174.677 | 1.77475 | 3.82358 | 8.23766 | .178891 
31.3600 | 2.86643 | 7.48331 | 175.616 | 1.77581 | 3.82586 | 8.24257 | .178571 
31.4721 | 2.36854 | 7.48999 | 176.558 | 1.77686 | 3.82814 | 8.24747 | .178253 
31.5844 | 2.37065 | 7.49667 | 177.504 | 1.77792 | 3.83041 | 8.25237 | .177936 
31.6969 | 2.37276 | 7.50333 | 178.454 | 1.77897 | 3.83268 | 8.25726 | .177620 
31.8096 | 2.87487 | 7.50999 | 179.406 | 1.78003 | 3.83495 | 8.26215 | .177305 
31.9225 | 2.37697 | 7.51665 | 180.362 | 1.78108 | 3.83722 | 8.26703 | .176991 
32.0356 | 2.387908 | 7.52330 | 181.321 | 1.78213 | 3.83948 | 8.27190 | .176678 
82.1489 | 2.38118 | 7.52994 | 182.284 | 1.78318 | 3.84174 | 8.27677 | .176367 
| 32.2624 | 2.38328 | 7.53658 | 183.250 | 1.78422 | 3.84399 | 8.28164 | .176056 
32.3761 | 2.38537 ’ 7.54321 | 184.220 | 1.78527 | 3.84625 | 8.28649 | .175747 
32.4900 | 2.38747 | 7.54983 | 185.193 | 1.78632 | 3.84850 8.29134 | 175439 
32.6041 | 2.38956 | 7.55645 | 186.169 | 1.78736 | 3.85075 | 8.29619 | .175131 
| 32.7184 | 2.89165 | 7.56307 | 187.149 | 1.78840 | 3.85300 | 8.30103 | .174825 
82.8329 | 2.39374 | 7.56968 | 188.133 | 1.78944 | 3.85524 | 8.80587 | .174520 
32.9476 | 2.39583 | 7.57628 | 189.119 | 1.79048 | 3.85748 | 8.31069 | .174216~- 
33.0625 | 2.39792 | 7.58288 | 190.109 | 1.79152 | 3.85972 | 8.31552 | .173913 | 
} 33.1776 | 2.40000 | 7.58947 | 191.103 | 1.79256 | 3.86196 | 8.320384 | .173611 
33.2929 | 2.40208 | 7.59605 | 192.100 | 1.79360 | 3.86419 | 8.382515 | .173310 
33.4084 | 2.40416 | 7.60263 | 193.101 | 1.79463 | 3.86642 | 8.32995 | .173010 
33.5241 | 2.40624 | 7.60920 194.105 _ 1.79567 | 3.86865 8.33476 T2712. | 
33.6400 | 2.40832 | 7.61577 | 195.112 | 1.79670 | 3.87088 | 8.33955 | .172414 } 
33.7561 | 2.41039 | 7.62234 | 196.123 | 1.79773 | 3.87310 | 8.34434 | .172117 
83.8724 | 2.41247 | 7.62889 | 197.137 | 1.79876 | 3.87532 | 8.34913 | .171821 
83.9889 | 2.41454 | 7.63544 | 198.155 | 1.79979 | 3.87754 | 8.35390 | .171527 | 
34.1056 | 2.41661 | 7.64199 | 199.177 | 1.80082 | 3.87975 | 8.35868 | .171233 
34.2225 | 2.41868 | 7.64853 | 200,202 | 1.80185 | 3.88197 | 8.36345 | .170940 
34.3396 | 2.42074 | 7.65506-} 201.230 | 1.80288 | 3.88418 | 8.36821 | .170649 
34.4569 | 2.42281 | 7.66159 | 202.262 | 1.80390 | 3.88639 | 8.37297 | .170358 
34.5744 | 2.42487 | 7.66812 | 203.297 | 1.80492 | 3.88859 | 8.37772 -170068 
34.6921 | 2.42693 | 7.67463 | 204.336 | 1.80595 | 3.89080 | 8.38247 | .169779 
34.8100 | 2.42899 | 7.68115 | 205.379 | 1.80697 | 3.89300 | 8.38721 | .169492 
34.9281 | 2.43105 | 7.68765 | 206.425 | 1.80799 | 3.89519 | 8.39194 | .169205 
| 35.0464 | 2.43311 | 7.69415 | 207.475 | 1.80901 | 3.89739 | 8.39667 | .168919 
35.1649 | 2.43516 | 7.70065 | 208.528 | 1.81003 | 3.89958 | 8.40140 168634 
35.2836 | 2.43721 | 7.70714 | 209.585 | 1.81104 | 3.90177 | 8.40612 | .168350 
| 35.4025 | 2.43926 | 7.71362 | 210.645 | 1.81206 | 3.90396 | 8.41083 | .168067 
35.5226 | 2.44131 | 7.72010 | 211.709 | 1.81307 | 3.90615 | 8.41554 
35.6409 | 2.44336 | 7.72658 | 212.776 | 1.81409 | 3.90833 | 8.42025 
85.7604 | 2.44540 | 7.73305 | 213.847 | 1.81510 3.91051 8.42494 
| 35.8801 | 2.44745 | 7.73951 | 214.922 | 1.81611 | 3.91269 | 8.42964 
36.0000 | 2.44949 | 7.74597 | 216.000 | 1.81712 | 3.91487 | 8.43433 
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| n vn |v10n| ni | Yn | ¥10n|Y100n| 1/n 
50 | 42.2500 | 2.54951 | 8.06226 | 274.625 | 1.86626 | 4.02073 | 8.66239 | .153836 
51 | 42.3801 | 2.55147 | 8.06846 | 275.894 | 1.86721 | 4.02979 | 8.66683 | 153610 
3.52 | 42.5104 | 2.55343 | 8.07465 | 277.168 | 1.86817 | 4.02485 | 8.67127 | 153374 
53 | 42.6409 | 2.55539 | 8.08084 | 278.445 | 1.86912 | 4.02690 | 8.67570 | .153139 
}.54 | 42.7716 | 2.55734 | 8.08703 | 279.726 | 1.87008 | 4.02806 | 8.68012 | .152905 
55 | 42.9025 | 2.55930 | 8.09321 | 281.011 | 1.87103 | 4.03101 | 8.68455 | 1152672 
1.56 | 43.0336 | 2.56125 | 8.09938 | 282.300 | 1.87198 | 4.03306 | 8.68896 | .152439 
57 | 43.1649 | 2.56320 | 8.10555 | 283.593 | 1.87293 | 4.03511 | 8.69338 | .152207 
58 | 43.2964 | 2.56515 | 8.11172 | 284.890 | 1.87388 | 4.03715 | 8.69778 | .151976 
59 | 43.4281 | 2.56710 | 8.11788 | 286.191 | 1.87483 | 4.03920 | 8.70219 | 1151745 
60 | 43.5600 | 2.56905 -| 8.12404 | 287.496 | 1.87578 | 4.04124 | 8.70639 | .151515 
.61 | 43.6921 | 2.57099 | 8.13019 | 288.805 | 1.87672 | 4.04328 | 8.71098 | .151286 
62 | 43.8244 | 2.57294 | 8.13634 | 290.118 | 1.87767 | 4.04532 | 8.71537 | .151057 
.63 | 43,9569 | 2.57488 | 8.14248 | 291.434 | 1.87862. | 4.04735 | 8.71976 | .150830 
64 | 44.0896 | 2.57682 | 8.14862 | 292.755 | 1.87956 | 4.04939 | 8.72414 | .150602 
65 | 44,2995 | 2.57876 | 8.15475 | 294.080 | 1.88050 | 4.05142 | 8.72852 | .150376 
66 | 44.3556 | 2.58070 | 8.16088 | 295.408 | 1.88144 | 4.05345 | 8.73289 | .150150 
67 | 44.4889 | 2.58263 | 8.16701 | 296.741 | 1.88239 | 4.05548 | 8.73726 | 149995 
68 | 44.6224 | 2.58457 | 8.17313 | 298.078 | 1.88333 | 4.05750 | 8.74162 | .149701 
69 _| 44.7561 | 2.58650 | 8.17924 | 299.418 | 1.88497 | 4.05953 | 8.74598 | 149477 
70 | 44.8900 | 2.58844 | 8.18535 | 300.763 | 1.88520 | 4.06155 | 8.75034 | .149254 
‘71 | 45.0241 | 2.59037 | 8.19146 | 302.112 | 1.88614 | 4.06357 | 8.75469 | .149031 
172° | 45.1584 | 2.59230 | 8.19756 | 303.464 | 1.88708 | 4.06559 | 8.75904 | .148810 
73 | 45.2929 | 2.59422 | 8.20366 | 304.821 | 1.88801 | 4.06760 | 8.76338 | .148583 
74 | 45.4276 | 2.59615 | 8.20975 | 306.182 | 1.88895 | 4.06961 | 8.76772 | .148368. 
15 | 45.5625 | 2.59808 | 8.21584 | 307.547 | 1.89988 | 4.07163 | 8.77205 | .148148 | 
76 | 45.6976 | 2.60000 | 8.22192 | 308.916 | 1.89081 | 4.07364 | 8.77638 | .147929 
77- | 45.8329 | 2.60192 | 8.22800 | 310.289 | 1.89175 | 4.07564 | 8.78071 | .147710 
78 | 45.9684 | 2.60384 | 8.23408 | 311.666 | 1.89268 | 4.07765 | 8.78503 | .147493 
79 | 46.1041 | 2.60576 | 8.24015 | 313.047 | 1.89361 | 4.07965 | 8.78935 | .147275 
80 | 46.2400 | 2.60768 | 8.24621 | 314.432 | 1.89454 | 4.08166 | 8.79366 | .147059 | 
81 | 46.3761 | 2.60960 | 8.25227 | 315.821 | 1.89546 | 4.08365 | 8.79797 | .146843 
82 - | 46.5124 | 2.61151 | 8.25833 | 317.215 | 1.89639 | 4.08565 | 8.80227 | .146628 
83 | 46.6489 | 2.61343 | 8.26438 | 318.612 | 1.89732 | 4.08765 | 8.80657 | .146413 
84 | 46.7856 | 2.61534 | 8.27043 | 320.014 | 1.89924 | 4.08964 | 8.81087 | .146199 
85 | 46.9225 | 2.61725 | 8.27647 | 321.419 | 1.89917 | 4.09163 | 8.81516 | .145985 
86 | 47.0596 | 2.61916 | 8.28251 | 322.829 | 1.90009 | 4.09362 | 8.81945 | .145773 
87 | 47.1969 | 2.62107 | 8.28855 | 324.243 | 1.90102 | 4.09561 | 8.82373 | .145560 
88 | 47.3344 | 2.62298 | 8.29458 | 325.661 | 1.90194 | 4.09760 | 8.82801 | .145349 
89 | 47.4721 | 2.62488 | 8.30060 | 327.083 | 1.90286 | 4.09958 | 8.83228 | .145138 
90_| 47.6100 | 2.62679 | 8.30662 | 328.509 | 1.90378 | 4.10157 | 8.83656 | 144928 
91 | 47.7481 | 2.62869 | 8.31264 | 329.939 | 1.90470 | 4.10355 | 8.84082 | 144718 
99 | 47.8864 | 2.63059 | 8.31865 | 331.374 | 1.90562 | 4.10552 | 8.84509 | 144509 
93 | 48.0249 | 2.63249 | 8.32466 | 382.813 | 1.90653 | 4.10750 | 8.84934 | .144300_ 
94 | 48.1636 | 2.63439 | 8.33067 | 334.255 | 1.90745 | 4.10948 | 8.85360 | .144092 | 
95 | 48.3025 | 2.63629 | 8.33667 | 335.702 | 1.90837 | 4.11145 | 8.85785 | .143885_ 
96 | 48.4416 | 2.63818 | 8.34266 | 337.154 | 1.90928 | 4.11342 | 8.86210 | .143678 
97 | 48.5809 | 2.64008 | 8.34865 | 338.609 | 1.91019 | 4.11539 | 8.86634 | 143472 | 
93 | 48.7204 | 2.64197 | 8.35464 | 340.068 | 1.91111 | 4.11736 | 8.87058 | .143266 |” 
99 | 48.8601 | 2.64386 | 8.36062 | 341.532 | 1.91202 | 4.11932 | 8.87481 | .143062 
10 | 49.0000 | 2.64575 | 8.36660 | 343.000 | 1.91293 | 4.12129 
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7.01 | 49.1401 | 2.64764 | 8.37257 | 344.472 | 1.91384 | 4.12325 | 8.88327 
7.02 | 49.2804 | 2.64953 | 8.37854 | 345.948 | 1.91475 | 4.12521 | 8.88749 
7.03 | 49.4209 | 2.65141 | 8.38451 | 347.429 | 1.91566 | 4.12716 | 8.89171 
7.04 | 49.5616 | 2.65330 | 8.39047 | 348.914 | 1.91657 | 4.12912 | 8.89592 
7.05 | 49.7025 | 2.65518 | 8.39643 | 350.403 | 1.91747 | 4.13107 | 8.90013 
7.06 | 49.8436 | 2.65707 | 8.40238 | 351.896 | 1.91838 | 4.13303 | 8.90434 
7.07 | 49.9849 | 2.65895 | 8.40833 | 353.393 | 1.91929 | 4.13498 | 8.90854 
7.08 | 50.1264 | 2.66083 | 8.41427 | 354.895 | 1.92019 | 4.13693 | 8.91274 
7.09 _| 50.2681 | 2.66271 | 8.42021 | 356.401 | 1.92109 | 4.13887 | 8.91693 
7.10 _| 50.4100 | 2.66458 | 8.42615 | 357.911 | 1.92200 | 4.14082 | 8.92112 | .14084% 
7.11 | 50.5521 | 2.66646 | 8.43208 | 359.425 | 1.92290 | 4.14276 | 8.92531 | .140647 
7.12 | 50.6944 | 2.66833 | 8.43801 | 360.944 | 1.92380 | 4.14470 | 8.92949 | .14044§ 
7.13 | 50.8369 | 2.67021 | 8.44393 | 362.467 | 1.92470 | 4.14664 | 8.93367 | .14025% 
7.14 | 50.9796 | 2.67208 | 8.44985 | 363.994 | 1.92560 | 4.14858 | 8.93784 | .14005¢ 
7.15 | 51.1225 | 2.67395 | 8.45577 | 365.526 | 1.92650 | 4.15052 | 8.94201 | .13986¢ 
7.16 | 51.2656 | 2.67582 | 8.46168 | 367.062 | 1.92740 | 4.15245 | 8.94618 | .139662 
7.17 | 51.4089 | 2.67769 | 8.46759 | 368.602 | 1.92829 | 4.15438 | 8.95034 | .13947( 
7.18 | 51.5524 | 2.67955 | 8.47349 | 370.146 | 1.92919 | 4.15631 | 8.95450 | .13927¢ 
7.19 _| 51.6961 | 2.68142 | 8.47939 | 371.695 | 1.93008 | 4.15824 | 8.95866 | .13908: 
7.20 _| 51.8400 | 2.68328 | 8.48528 | 373.248 | 1.93098 | 4.16017 | 8.96281 | .13888% 
7.21 | 51.9841 | 2.68514 | 8.49117 | 374.805 | 1.93187 | 4.16209 | 8.96696 | .13869% 
7.22 | 52.1284 | 2.68701 | 8.49706 | 376.367 | 1.93277 | 4.16402 | 8.97110 | .13850! 
7.23 | 52.2729 | 2.68887 | 8.50294 | 377.933 | 1.93366 | 4.16594 | 8.97524 | .13831: 
7.24 | 52.4176 | 2.69072 | 8.50882 | 379.503 | 1.93455 | 4.16786 | 8.97938 | .138125 
7.25 | 52.5625 | 2.69258 | 8.51469 | 381.078 | 1.93544 | 4.16978 | 8.98351 | .137931 
7.26 | 52.7076 | 2.69444 | 8.52056 | 382.657 | 1.93633 | 4.17169 | 8.98764 | .137741 
7.27 | 52.8529 | 2.69629 | 8.52643 | 384.241 | 1.93722 | 4.17361 | 8.99176 | .137555 
. 7.28 | 52.9984 | 2.69815 | 8.53229 | 385.828 | 1.93810. | 4.17552 | 8.99588 | .13736: 
7.29 _| 58.1441 | 2.70000 | 8.53815 | 387.420 | 1.93899 | 4.17743 | 9.00000 | .137174 
7.80 _| 53.2900 | 2.70185 | 8.54400 | 389.017 | 1.93988 | 4.17934 | 9.00411 | .136986 
7.31 | 53.4361 | 2.70370 | 8.54985 | 390.618 | 1.94076 | 4.18125 | 9.00822 | .13679¢ 
7.32 | 53.5824 | 2.70555 | 8.55570 | 392.223 | 1.94165 | 4.18315 | 9.01233 | .136618 
7.33 | 53.7289 | 2.70740 | 8.56154 | 393.833 | 1.94253 | 4.18506 | 9.01643 | .13642¢ 
7.34 | 53.8756 | 2.70924 | 8.56738 | 395.447 | 1.94341 | 4.18696 | 9.02053 | .13624¢ 
7.35 | 54.0225 | 2.71109 | 8.57321 | 397.065 | 1.94430 | 4.18886 | 9.02462 | :136054 
7.36 | 54.1696 | 2.71293 | 8.57904 | 398.688 | 1.94518 | 4.19076 | 9.02871 | :135870 
7.37 | 54.3169 | 2.71477 | 8.58487 | 400.316 | 1.94606 | 4.19966 | 9.03280 | .135688 
7.38 | 54.4644 | 2.71662 | 8.59069 | 401.947 | 1.94694 | 4.19455 | 9.03689 | 135501 
7.39 | 54.6121 | 2.71846 | 8.59651 | 403.583 | 1.94782 | 4.19644 | 9.04097 | .135318 
7.40 _|_54.7600 | 2.72029 | 8.60233 | 405.224 | 1.94870 | 4.19834 | 9.04504 | .13513¢ 
7.41 | 54.9081 | 2.72213 | 8.60814 | 406.869 | 1.94957 | 4.20023 | 9.04911 | .134952 
7.42 | 55.0564 | 2.72397 | 8.61394 | 408.518 | 1.95045 | 4.20212 | 9.05318 | :134771 
7.43 | 55.2049 | 2.72580 | 8.61974 | 410.172 | 1.95132 | 4.20400 | 9.05725 | (134590 
7.44 | 55.3536 | 2.72764 | 8.62554 | 411.831 | 1.95290 | 4.20589 | 9.06131 | .13440¢ 
7.45 | 55.5025 | 2.72947 | 8.63134 | 413.494 | 1.95307 | 4.20777 | 9.06537 | 1134296 
7.46 | 55.6516 | 2.73130 | 8.63713 | 415.161 | 1.95395 | 4.20965 | 9.06942 | 1134048 
7.47 | 55.8009 | 2.73313 | 8.64292 | 416.833 | 1.95482 | 4.21153 | 9.07347 | .13386¢ 
7.48 | 55.9504 | 2.73496 | 8.64870 | 418.509 | 1.95569 | 4.21341 | 9.07752 | 1133690 
7-49 | 56.1001 | 2.73679 | 8.65448 | 420.190 | 1.95656 | 4.21599 | 9.08156 | 1133511 
7.50 _| 56.2500 | 2.73861 | 8.66025 | 421.875 | 1.95743 | 4.21716 | 9.08560 | .13833% 
10” Yn | V10n|VY100n| 1/n 
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nm vn |\V10n| n3 Vn | Y10n|V100n| 1/n 
50 | 56.2500 | 2.73861 | 8.66025 | 421.875 | 1.95743 4.21716 | 9.08560 | .133333 
~Bb1 56.4001 | 2.74044 | 8.66603 | 423.565 | 1.95830 | 4.21904 | 9.08964 133156 
52 56.5504 2.74226 | 8.67179 | 425.259 | 1.95917 |-4 22091 | 9.09367 | .132979 
53 | 56.7009 | 2.74408 | 8.67756 | 426.958 | 1.96004 | 4.22278 | 9.09770 | .132802 | 
D4 56.8516 | 2.74591 | 8.68332 | 428.661 | 1.96091 | 4.22465 | 9.10173 | .132626 
OD 57.0025 | 2.74773 | 8.68907 | 430.369 | 1.96177 | 4.22651 | 9.10575 | .132450 
56 57.1536 | 2.74955 | 8.69483 | 432.081 | 1.96264 | 4.22838 | 9.10977 | .132275 
OT 57.3049 | 2.75136 | 8.70057 | 483.798 | 1.96350 | 4.23024 | 9.11378 | .132100 
58 57.4564 2.75318 | 8.70632 | 435.520 | 1.96437 | 4.23210 | 9.11779 | .131926 
59 57.6081 | 2.75500 | 8.71206 | 437.245 | 1.96523 | 4.23396 | 9.12180 | .131752 
60. 57.7600 | 2.75681 | 8.71780 | 438.976 | 1.96610 | 4.23582 | 9.12581 | .131579 
61 57.9121 | 2.75862 | 8.72353 | 440.711 | 1.96696 | 4.23768 | 9.12981 | .131406 
62 58.0644 | 2.76043 | 8.72926 | 442.451 | 1.96782 | 4.23954 | 9.138380 | .131234 
63 | 58.2169 | 2.76225 | 8.73499 | 444.195 | 1.96868 | 4.24139 | 9.13780 | .131062 
64 58.3696 | 2.76405 | 8.74071 | 445.944 | 1.96954 | 4.24524 | 9.14179 | .130890 
65 58.5225 | 2.76586 | 8.74643 | 447.697 | 1.97040 | 4.24509 | 9.14577 | .130719 
.66 58.6756 | 2.76767 | 8.75214 | 449.455 | 1.97126 | 4.24694 | 9.14976 | .130548 
67 58.8289 | 2.76948 | 8.75785 | 451.218 | 1.97211 | 4.24879 |. 9.15374 | .130378 
.68 58.9824 | 2.77128 | 8.76356 | 452.985 | 1.97297 | 4.25063 | 9.15771 | .180208 
69 59.1361 | 2.77308 | 8.76926 | 454.757 | 1.97383 | 4.25248 | 9.16169 | .130039 
70 59.2900 | 2.77489 | 8.77496 | 456.533 | 1.97468 | 4.25432 | 9.16566 | .129870 | 
xa 59.4441 | 2.77669 | 8.78066 | 458.314 | 1.97554 | 4.25616 | 9.16962 | .129702 
72 59.5984 | 2.77849 | 8.78635 | 460.100 | 1.97639 | 4.25800 | 9.17359 | .129534 
73 59.7529 | 2.78029 | 8.79204 | 461.890 | 1.97724 | 4.25984 | 9.17754 | .129366 
74 | 59.9076 | 2.78209 | 8.79773 | 463.685 | 1.97809 | 4.26167 | 9.18150 | .129199 
75 60.0625 | 2.78388 | 8.80341 | 465.484 | 1.97895 | 4.26351 | 9.18545 | .129032 
76 60.2176 | 2.78568 | 8.80909 | 467.289 | 1.97980 | 4.26534 | 9.18940 | .128866 
77 60.3729 | 2.78747 | 8.81476 | 469.097 | 1.98065 | 4.26717 | 9.19335-] .128700 
78 60.5284 | 2.78927 | 8.82043 | 470.911 | 1.98150 | 4.26900 | 9.19729 | .128535 
79 60.6841 | 2.79106 | 8.82610 | 472.729 | 1.98234 | 4.27083 | 9.20123 | .128370 
80 | 60,8400 | 2.79285 | 8.83176 | 474.552 | 1.98319 | 4.27266 | 9.20516 | .128205 
81 60.9961 | 2.79464 | 8.83742 | 476.380 | 1.98404 | 4.27448 | 9.20910 | .128041 
82 61.1524 | 2.79643 | 8.84308 | 478.212 | 1.98489 | 4.27631 | 9.21302 | .127877 
83 | 61.3089 | 2.79821 | 8.84873 | 480.049 | 1.98573 | 4.27813 | 9.21695 | .127714 
84 | 61.4656 | 2.80000 | 8.85438 | 481.890 | 1.98658 | 4.27995 | 9.22087 | .127551 
85 | 61.6225 | 2.80179 | 8.86002 | 483.737 | 1.98742 | 4.28177 | 9.22479 | .127389 
86. | 61.7796 | 2.80357 | 8.86566 | 485.588 | 1.98826 | 4.28359 | 9.22871 | .127226 
87 61.9369 | 2.80535 | 8.87130 | 487.443 | 1.98911 | 4.28540 | 9.23262 | .127065 
88 62.0944 | 2.80713 | 8.87694 | 489.304 | 1.98995 | 4.28722 | 9.28653 126904 
89 62.2521 | 2.80891 | 8.88257 | 491.169 | 1.99079 | 4.28903 | 9.24043 | .126743 
10 _| 62.4100 | 2.81069 | 8.88819 | 493.039 | 1.99163 | 4.29084 | 9.24434 | .126582 
1 62.5681 | 2.81247 | 8.89382 | 494.914 | 1.99247 | 4.29265 | 9.24823 126422 
92 62.7264 | 2.81425 | 8.89944 | 496.793 | 1.99331 | 4.29446 9.25213 -126263 
93 62.8849 | 2.81603 | 8.90505 | 498.677 | 1.99415 | 4.29627 | 9.25602 | .126103 
4 | 63.0436 | 2.81780 | 8.91067 | 500.566 | 1.99499 | 4.29807 | 9.25991 | .125945 
% | 63.2025 | 2.81957 | 8.91628 | 502.460 | 1.99582 | 4.29987 | 9.26380 | .125786 
16 63.3616 | 2.82135 | 8.92188 | 504.358 | 1.99666 | 4.30168 | 9.26768 | .125628 
IT 63.5209 | 2.82312 | 8.92749 | 506.262 | 1.99750 | 4.30348 | 9.27156 | 125471} 
8 | 63.6804 | 2.82489 | 8.93308 | 508.170 | 1.99833 | 4.30528 | 9.27544 | .125313 | _ 
9 | 63.8401 | 2.82666 | 8.93868 | 510.082 | 1.99917 4.30707 9.27931 125156 1 
0 | 64.0000 | 2.82843 | 8.94497 | 512.000 | 2.00000 | 4.30887 | 9.28318 | .125000 | 


: Vv10n| n3 Yn | V¥10n 
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92.0090 960000 9606 Gp 
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n? 
64.0000 


64.1601 
64.3204 
64.4809 
64.6416 
64.8025 
64.9636 


65.1249 
65.2864 
65.4481 
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Vn 
2.82843 


2.83019 
2.83196 
2.83373 
2.83549 
2.83725 
2.83901 


2.84077 
2.84253 
2.84429 


65.6100 


2.84605 


V10n 
8.94427 
8.94986 


8.95545 
8.96103 


8.96660 
8.97218 
8.97775 


8.98332 
8.98888 
8.99444 


9.00000 


nm 
512.000 
513.922 


515.850 
517.782 


519.718 
521.660 
523.607 


525.558 
527.514 
529.475 


531.441 


She SEE/S|S8Q Sak SB 


65.7721 
65.9344 
66.0969 
66.2596 
66.4225 
66.5856 
66.7489 


66.9124 
67.0761 


2.84781 
2.84956 
2.85132 
2.85307 
2.85482 
2.85657 
2.85832 


2.86007 
2.86182 


9.00555 
9.01110 
9.01665 


9.02219 
9.02774 
9.03327 


9.03881 
9.04434 
9.04986 


533.412 
535.387 
537.368 
539,353 
541.343 
543.338 
545.339 
547.343 
549.353 


Vn 
2.00000 


2.00083 
2.00167 
2.00250 


2.00333, 
2.00416 
2.00499 


2.00582 
2.00664 
2.00747 


2.00830 


2.00912 
2.00995 
2.01078 


2.01160 
2.01242 
2.01325 
2.01407 


2.01489 
2.01571 


Pl ooco gece coccco|Mlacma cad coma |é 


17 
18 
19 
20 
21 
22 
23 
24. 
25 
26 
27 
28 


67.2400 


2.86356 


9.05539 


67.4041 
67.5684 
67.7329 


67.8976 
68.0625 
68.2276 


68.3929 
68.5584 
68.7241 
68.8900 
69.0561 


69.2224 
69.3889 
69.5556 
69.7225 
69.8896 


70.0569 
70.2244 


70.3921 


70.5600 


70.7281 
70.8964 
71.0649 


71.2336 
71.4025 
71.5716 


71.7409 
71.9104. 
72.0801 


72.2500 


n* 


2.86531 
2.86705 
2.86880 


2.87054 
2.87228 
2.87402 


2.87576 
2.87750 
2.87924 


2.88097 


2.88271 
2.88444 
2.88617 


2.88791 
2.88964 
2.89137 


2.89310 
2.89482 


2.89655 


2.89828 


2.90172 
2.90345 


2.90517 
2.90689 
2.90861 


2.91033 
2.91204 
2.91376 


2.91548 


vn 


9.06091 
9.06642 
9.07193 


9.07744 
9.08295 
9.08845 


9.09395 
9.09945 
9.10494 


9.11043 


9.11592 
9.12140 
9.12688 


9.18236 
9.13783 
9.14330 


9.14877 
9.15423 
9.15969 


551.368 


553.388 
555.412 
557.442 


559.476 
561.516 


565.609 
567.664 
569.723 


571.787 


573.856 
575.930 
578.010 


580.094 
582.183 
584.277 


586.376 
588.480 
590.590 


2.01653 


2.01735 
2.01817 
2.01899 


2.01980 
2.02062 
2.02144 


2.02225 
2.02307 
2.02388 


2.02469 


2.02551 
2.02632 
2.02713 


2.02794 
2.02875 
2.02956 


2.03037 
2.03118 
2.03199 


V10n 
4.30887 


4.31066 
4.31246 
4.31425 


4.31604 
4.31783 
4.31961 


4.32140 
4.32318 
4.32497 


4.32675 


4.34448 


4.34625 
4.34801 
4.34977 


4.35153 
4.35329 
4.35505 


4.35681 
4.35856 
4.36032 


4.36207 


4.36382 
4.36557 
4.36732 


4.36907 
4.37081 
4.37256 


4.37430 
4.37604 
4.37778 


9.16515 


9.17606 
9.18150 


9.18695 
9.19239 
9.19783 


9.20326 
9.20869 
9.21412 


9.21954 


Vv10” 


592.704 


594.823 
596.948 
599.077 


601.212 
603.351 
605.496 
607.645 
609.800 
611.960 


614.125 


n 


2.03279 


2.03360 
2.03440 


2.03521 | 


2.03601 
2.03682 
2.03762 


2.03842 
2.03923 
2.04003 


2.04083 
vn 


9.28318 


9.28704 
9.29091 
9.29477 


9.29862 
9.30248 
9.30633 


9.31018 
9.31402 
9.31786 


9.32170 | . 


9.37510 
9.37889 
9.38268 


9.38646 
9.39024 
9.39402 


9.39780 


9.40157 
9.40534 
9.40911 


9.41287 
9.41663 
9.42039 


9.42414 
9.42789 


9.43164 | . 


9.46152 
9.46525 


9.46897 
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n? vn | V10n n3 Vn | VYi0n 
DO | 72.2500 | 2.91548 | 9.21954 | 614.125 | 2.04083 | 4.39683 | 9.47268 | .117647 
51 | 72.4201 | 2.91719 | 9.22497 | 616.295 | 2.04163 | 4.39855 | 9.47640 | .11750¢ 
52 | 72.5904 | 2.91890 | 9.23038 | 618.470 | 2.04243 4.40028 | 9.48011 Pee 
53 | 72.7609 | 2.92062 | 9.23580 | 620.650 | 2.04323 | 4.40200 | 9.48381 | .117233 
.54 | 72.9316 | 2.92233 | 9.24121 | 622.836 | 2.04402 | 4.40372 | 9.48752 | .117096 
55 | 73.1025 | 2.92404 | 9.24662 | 625.026 | 2.04482 | 4.40543 | 9.49122 | 116959 | 
.56 | 73.2736 | 2.92575 | 9.25203 | 627.222 | 2.04562 | 4.40715 | 9.49492 | .116899 
-57 | 73.4449 | 2.92746 | 9.25743 | 629.423 | 2.04641 | 4.40887 | 9.49861 | .116686 
58 | 73.6164 | 2.92916 | 9.26283 | 631.629 | 2.04721 | 4.41058 | 9.50231 | .116580 
59 | 73.7881 | 2.93087 | 9.26823 | 633.840 | 2.04801 | 4.41229 | 9.50600 | .116414. 
60 | 73.9600 | 2.93258 | 9.27362 | 636.056 | 2.04880 | 4.41400 | 9.50969 | .116279 
.61 | 74.1321 | 2.93428 | 9.27901 | 638.277 | 2.04959 | 4.41571 | 9.51337 | .116144 
62 | 74.3044 | 2.93598 | 9.28440 | 640.504 | 2.05039 | 4.41742 | 9.51705 | .116009 
63 | 74.4769 | 2.93769 | 9.28978 | 642.736 | 2.05118 | 4.41913 | 9.52073 | .115375 
64 | 74,6496 | 2.93989 | 9.29516 | 644.973 | 2.05197 | 4.42084 | 9.59441 | 115741 
65. | 74.8225 | 2.94109 | 9.30054 | 647.215 | 9.05276 | 4.49254 | 9.52808 | .115607 
66 | 74.9956 | 2.94279 | 9.30591 | 649.462 | 2.05355 | 4.42425 | 9.53175 | 115473 
.67- | 75.1689 | 2.94449 | 9.31128 | 651.714 | 2.05434 | 4.42595 | 9.53542 | 115340 
68 | 75.3424 | 2.94618 | 9.31665 | 653.972 | 2.05513 | 4.42765 | 9.53908 | .115207 
69 | 75.5161 | 2.94788 | 9.32202 | 656.235 | 2.05592 | 4.42935 | 9.54274 | .115075 
70 | 75.6900 | 2.94958 | 9.32738 | 658.503 | 2.05671 | 4.43105 | 9.54640 | .114943 | 
71 | 75.8641 | 2.95127 | 9.33274 | 660.776 | 2.05750 | 4.43274 | 9.55006 | .114811 i 
72, | 76.0384 | 2.95296 | 9.33809 | 663.055 | 2.05828 | 4.43444 | 9.55371 | .114679 i 
73 | 76.2129 | 2.95466 | 9.34345 | 665.339 | 2.05907 | 4.43613 | 9.55736 | .114548 | 
74 | 76.3876 | 2.95635 | 9.34880 | 667.628 | 2.05986 | 4.43788 | 9.56101 | .114416 j 
75 | 76.5625 | 2.95804 | 9.35414 | 669.922 | 2.06064 | 4.43952 | 9.56466 | 114986 ]° 
76 | 76.7376 | 2.95973 | 9.35949 | 672.221 | 2.06143 | 4.44121 | 9.56880 | .114155 
77 | 76.9129 | 2.96142 | 9.36483 | 674.526 | 2.06221 | 4.44290 | 9.57194 | .114025_ q 
78 | 77.0884 | 2.96311 | 9.37017 | 676.836 | 2.06299 | 4.44459 | 9.57557 | .113895 ; 
79 | 77.2641 | 2.96479 | 9.37550 | 679.151 | 2.06378 | 4.44627 | 9.57921 | .113766 
80 | 77.4400 | 2.96648 | 9.38083 | 681.472 | 2.06456 | 4.44796 | 9.58284 | 113636 } 
81 | 77.6161 | 2.96816 | 9.38616 | 683.798 | 2.06534 | 4.44964 | 9.58647 | .113507 
82 | 77.7924 | 2.96985 | 9.39149 | 686.129 | 2.06612 | 4.45133 | 9.59009 | .113379 
83 | 77.9689 | 2.97153 | 9.39681 | 688.465 | 2.06690 | 4.45301 | 9.59372 | .113250 ; 
84 | 78.1456 | 2.97321 | 9.40213 | 690.807 | 2.06768 | 4.45469 | 9.59734 | .113122 ' 
85 | 78.3225 | 2.97489 | 9.40744 | 693.154 | 2.06846 | 4.45637 | 9.60095 | .112994 : 
86 | 78.4996 | 2.97658 | 9.41276 | 695.506 | 2.06924 | 4.45805 | 9.60457 | .112867 : 
87 | 78.6769 | 2.97825 | 9.41807 | 697.864 | 2.07002 | 4.45972 | 9.60818 | .112740 
88 | 78.8544 | 2.97993 | 9.42338 | 700.227 | 2.07080 | 4.46140 | 9.61179 | .112613 
89 | 79.0321 | 2.98161 | 9.42868 | 702.595 | 2.07157 | 4:46307 | 9.61540 | «112486 
90 | 79.2100 | 2.98329 | 9.43398 | 704.969 | 2.07235 | 4.46475 | 9.61900 | .112360 . 
91 | 79.3881 | 2.98496 | 9.43928 | 707.348 | 2.07313 | 4.46642 | 9.62260 | 112233 
99 | 79.5664 | 2.98664 | 9.44458 | 709.732 | 2.07390 | 4.46809 | 9.62620 | .112108 
93 | 79.7449 | 2.98831 | 9.44987 | 712.122 | 2.07468 | 4.46976 | 9.62980 | .111982 ‘: 
94 | 79,9236 | 2.98998 | 9.45516 | 714.517 | 2.07545 | 4.47142 | 9.63339 | .111857 
95 | 80.1025 | 2.99166 | 9.46044 | 716.917 | 2.07622 | 4.47309 | 9.63698 | .111732 
96 | 80.2816 | 2.99333 | 9.46573 | 719.323 | 2.07700 | 4.47476 | 9.64057 | .111607. 
97 | 80.4609 | 2.99500 | 9.47101 | 721.734 | 2.07777 | 4.47642 | 9.64415 | 111483} 
98 | 30.6404 | 2.99666 | 9.47629 | 724.151 | 2.07854 | 4.47808 | 9.64774 | 111350} 
99 | 80.8201 | 2.99833 | 9.48156 | 726.573 | 2.07931 | 4.47974 | 9.65132 | .111235 | — A 
10 | 81.0000 | 3.00000 | 9.48683 | 729.000 | 2.08008 | 4.48140 | 9.65489} 114d | 
com aay ay |p aE alee al ee 
n? vn | V10n| n3 Yn | V¥10n|V100n| 1/n 4 
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n? Vn |V10n| n3 Vn | VY10n|V1002 


81.0000 | 3.00000 | 9.48683 | 729.000 | 2.08008 | 4.48140 | 9.65489 | .11111] 


81.1801 | 3.00167 | 9.49210 | 731.433 | 2.08085 | 4.48306 | 9.65847 | .11 
81.3604 | 3.00333 | 9.49737 | 733.871 | 2.08162 | 4.48472 | 9.66204 | .11 
81.5409 | 3.00500 | 9.50263 | 736.314 | 2.08239 | 4.48638 | 9.66561 | .11074% 


81.7216 | 3.00666 | 9.50789 | 738.763 | 2.08316 | 4.48803 | 9.66918 | .110618 
81.9025 | 3.00832 | 9.51315 | 741.218 | 2.08393 | 4.48969 | 9.67274 | .110497 
82.0836 | 3.00998 | 9.51840 | 743.677 | 2.08470 | 4.49134 | 9.67630 | .11037% 


82.2649 | 3.01164 | 9.52365 | 746.143 | 2.08546 | 4.49299 | 9.67986 | .110254 
82.4464 | 3.01330 | 9.52890 | 748.613 | 2.08623 | 4.49464 | 9.68342 | .11013% 
82.6281 | 3.01496 | 9.53415 | 751.089 | 2.08699 | 4.49629 | 9.68697 | .110011 


—$— | | ————————_f —_ _ ee 


82.8100 | 3.01662 | 9.53939 | 753.571 | 2.08776 | 4.49794 | 9.69052 | .10989% 


| | | | | | | | 


82.9921 | 3.01828 | 9.54463 | 756.058 | 2.08852 | 4.49959 | 9.69407 | .10976S 
83.1744 | 3.01993 | 9.54987 | 758.551 | 2.08929 | 4.50123 | 9.69762 | .10964¢ 
83.3569 | 3.02159 | 9.55510 | 761.048 | 2.09005 | 4.50288 | 9.70116 | .10952% 


83.5396 | 3.02324 | 9.56033 | 763.552 | 2.09081 | 4.50452 | 9.70470 | .109405 
83.7225 | 3.02490 | 9.56556 | 766.061 | 2.09158 | 4.50616 | 9.70824 | .10929¢ 
83.9056 | 3.02655 | 9.57079 | 768.575 | 2.09234 | 4.50781 | 9.71177 | .10917¢ 


84.0889 | 3.02820 | 9.57601 | 771.095 | 2.09310 | 4.50945 | 9.71531 | .109051 
84.2724 | 3.02985 | 9.58123 | 773.621 | 2.09386 | 4.51108 | 9.71884 | .108932 
84.4561 | 3.03150 | 9.58645 | 776.152 | 2.09462 | 4.51272 | 9.72236 | .108814 


84.6400 | 3.03315 | 9.59166 | 778.688 | 2.09538 | 4.51436 | 9.72589 | .108696 


84.8241 | 3.03480 | 9.59687 | 781.230 | 2.09614 | 4.51599 | 9.72941 | .10857§ 
85.0084 | 3.03645 | 9.60208 | 783.777 | 2.09690 | 4.51763 | 9.73293 | .10846( 
85.1929 | 3.03809 | 9.60729 | 786.330 | 2.09765 | 4.51926 | 9.73645 | .10834% 


85.3776 | 3.03974 | 9.61249 | 788.889 | 2.09841 | 4.52089 | 9.73996 | .108228 
85.5625 | 3.04138 | 9.61769 | 791.453 |} 2.09917 | 4.52252 | 9.74348 | .108108 
85.7476 | 3.04302 | 9.62289 | 794.023 | 2.09992 | 4.52415 | 9.74699 | .107991 


85.9329 | 3.04467 | 9.62808 | 796.598 | 2.10068 | 4.52578 | 9.75049 | .10787E 
86.1184 | 3.04631 | 9.63328 | 799.179 | 2.10144 | 4.52740 | 9.75400 | .107755 
86.3041 | 3.04795 | 9.63846 | 801.765 | 2.10219 | 4.52903 | 9.75750 | .10764¢ 


86.4900 | 3.04959 | 9.64365 | 804.357 | 2.10294 | 4.53065 | 9.76100 | .107527 


86.6761 | 3.05123 | 9.64883 | 806.954 | 2.10370 | 4.53228 | 9.76450 | .107411 
86.8624 | 3.05287 | 9.65401 | 809.558 | 2.10445 | 4.53390 | 9.76799 | .1072% 
87.0489 | 3.05450 | 9.65919 | 812.166 | 2.10520 | 4.53552 | 9.77148 | .10718! 


87.2356 | 3.05614 | 9.66437 | 814.781 | 2.10595 | 4.53714 | 9.77497 | .10706¢ 
87.4225 | 3.05778 | 9.66954 | 817.400 | 2.10671 | 4.53876 | 9.77846 | .10695% 
9.67471 | 820.026 | 2.10746 | 4.54038 | 9.78195 | .106835 


9.67988 | 822.657 | 2.10821 | 4.54199 | 9.78543-| .10672¢ 
9.68504 | 825.294 | 2.10896 | 4.54361 | 9.78891 | .10661( 
9.69020 | 827.936 | 2.10971 | 4.54522 | 9.79239 | .106496 
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88.5481 ° 3. -70052 | 833.238 | 2.11120 | 4.54845 | 9.79933 | .10627( 
88.7364 | 3.066 . 835.897 | 2.11195 | 4.55006 | 9.80280 | .106157 
88.9249 | 3. 5 838,562 | 2.11270 | 4.55167 | 9.80627 | .10604: 


89.1136 | 3. A 841.232 | 2.11344 | 4.55328 | 9.80974 | .105935 
89.3025 B 843.909 | 2.11419 | 4.55488 | 9.81320 | .10582¢ 
89.4916 F 846.591 | 2.11494 | 4.55649 | 9.81666 | .10570% 


89.6809 | 3.07734 | 9.73139 | 849.278 | 2.11568 | 4.55809 | 9.82012 | .105597 
89.8704 | 3.07896 | 9.73653 | 851.971 | 2.11642 | 4.55970 | 9.82357 "10548! 
90.0601 | 3.08058 | 9.74166 | 854.670 | 2.11717 | 4.56130 | 9.82703 | .10537: 


90.2500 | 3.08221 | 9.74679 | 857.375 | 2.11791 | 4.56290 | 9.83048 | .10526: 


n? vn n3 Yn | Y10n|¥100n| 1/n 
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yn | ne? vn |V10n) nn? Vn | Y10n|V100n| 1/n 

50 90.2500 | 3.08221 | 9.74679 | 857.375 | 2.11791 | 4.56290 | 9.83048 | .105263 

51 | 90.4401 | 3.08383 | 9.75192 | 860.085 | 2.11865 | 4.56450 | 9.83392 | 105152 

52 90.6304 | 3.08545 | 9.75705 | 862.801 | 2.11940 | 4.56610 | 9.83737 | .105042 

53 90.8209 | 3.08707 | 9.76217 | 865.523 | 2.12014 | 4.56770 | 9.84081 | .104932 

54 | 91.0116 | 3.08869 | 9.76729 | 868.251 | 2.12088 | 4.56980 | 9.84425 | .104829 

55 91.2025 | 3.09031 | 9.77241 | 870.984 | 2.12162 | 4.57089 | 9.84769 | .104712 

56 91.3936 | 3.09192 | 9.77753 | 873.723 | 2.12286 | 4.57249 | 9.85113 | 104603 

57 91.5849 | 3.09354 | 9.78264 | 876.467 | 2.12310 | 4.57408 | 9.85456 | .104493 

58 91.7764 | 3.09516 | 9.78775 | 879.218 | 2.12384 | 4.57567 | 9.85799 | .104384 

59 91.9681 | 3.09677 | 9.79285 | 881.974 | 2.12458 | 4.57727 | 9.86142 | .104275 

B0_| 92.1600 | 3.09839 | 9.79796 | 884.736 | 2.12532 | 4.57886 | 9.86485 | .104167 

61 92.3521 | 3.10000 | 9.80306 | 887.504 | 2.12605 | 4.58045 | 9.86827 | .104058 

62 92.5444 | 3.10161 | 9.80816 | 890.277 | 2.12679 | 4.58204 | 9.87169 | .103950 

63 92.7369 | 3.10322 | 9.81326 | 893.056 | 2.12753 | 4.58362 | 9.87511 -103842 

64 92.9296 | 3.10483 | 9.81835 | 895.841 | 2.12826 | 4.58521 | 9.87853 | .103734 

65 93,1225 | 3.10644 | 9.82344 | 898.632 | 2.12900 | 4.58679 | 9.88195 | .103627 

66 93.3156 | 3.10805 | 9.82853 | 901.429 | 2.12974 | 4.58838 | 9.88536 | .103520 

67 93.5089 | 3.10966 | 9.83362 | 904.231 | 2.13047 | 4.58996 | 9.88877 | .103413 

68 93.7024 | 3.11127 | 9.83870 | 907.039 | 2.13120.} 4.59154 | 9.89217 | .103306 

69 93.8961 | 3.11288 | 9.84378 | 909.853 | 2.13194 | 4.593812 | 9.89558 | .103199 

10 94.0900 | 3.11448 |-9.84886 | 912.673 | 2.13267 | 4.59470 | 9.89898 | .103098 

1 94.2841 | 3.11609 | 9.85393 | 915.499 | 2.13340 | 4.59628 | 9.90238 | .102987 

12 94.4784 | 3.11769 | 9.85901 | 918.330 | 2.13414 | 4.59786 | 9.90578 | .102881 

73 | 94.6729 | 3.11929 | 9.86408 | 921.167 | 2.13487 | 4.59943 | 9.90918 | .102775 

(4 94.8676 | 3.12090 | 9.86914 | 924.010 | 2.13560 | 4.60101 | 9.91257 | .102669 | 

[5 95.0625 | 3.12250 | 9.87421 | 926.859 | 2.13633 | 4.60258 | 9.91596 | .102564 

16 | 95.2576 | 3.12410 | 9.87927 | 929.714 | 2.13706 | 4.60416 | 9.91935 | .102459 

iT 95.4529 | 3.12570 | 9.88433 | 932.575 | 2.18779 | 4.60573 | 9 92274 | .102354 

18 95.6484 | 3.12730 | 9.88939 | 935.441 | 2.13852 | 4.60730 | 9.92612 | .102249 : 

ig 95.8441 | 3.12890 | 9.89444 | 938.314 | 2.13925 | 4.60887 | 9.92950 | .102145 
0 96.0400 | 3.13050 | 9.89949 | 941.192 | 2.13997 | 4.61044 | 9.93288 | .102041 j 
31 96.2361 | 3.13209 | 9.90454 | 944.076 | 2.14070 | 4.61200 | 9.93626 | .101937 ; 
32 96.4324 | 3.138369 | 9.90959 | 946.966 | 2.14143 | 4.61357 | 9.93964 | .101833 
33 96.6289 | 3.13528 | 9.91464 | 949.862 | 2.14216 | 4.61514 | 9.94301 | .101729 | { 
34 | 96.8256 | 3.13688 | 9.91968 | 952.764 | 2.14288 | 4.61670 | 9.94638 | .101626 
5 97.0225 | 3.13847 | 9.92472 | 955.672 | 2.14361 | 4.61826 | 9.94975 | .101523 q 
6 | 97.2196 | 3.14006 | 9.92975 | 958.585 | 2.14433 | 4.61983 | 9.95311 | .101420 
37_~-| 97.4169 | 3.14166 | 9.93479 | 961.505 | 2.14506 | 4.62139 | 9.95648 | .101317 

8 97.6144 | 3.14325 | 9.93982 | 964.480 | 2.14578 | 4.62295 | 9.95984 | .101215 { 
9 97.8121 | 3.14484 | 9.94485 | 967.362 | 2.14651 | 4.62451 | 9.96320 | .191112 
0 | 98.0100 | 3.14643 | 9.94987 | 970.299 | 2.14723 | 4.62607 | 9.96655 | .101010 . 
1 98.2081 | 3.14802 | 9.95490 | 973.242 | 2.14795 | 4.62762 | 9.96991 | .100908 
2 | 98.4064 | 3.14960 | 9.95992 | 976.191 | 2.14867 | 4.62918 | 9.97326 | .100806_ 
3 | 98.6049 | 3.15119 | 9.96494 | 979.147 | 2.14940 | 4.63073 | 9.97661 | .100705 | 
4 | 98.8036 | 3.15278 | 9.96995 | 982.108 | 2.15012 | 4.63229 | 9.97996 | .100604 , 
5 99.0025 | 3.15436 | 9.97497 | 985.075 | 2.15084 | 4.63384 | 9.98331 1 .100503 
6 | 99.2016 | 3.15595 | 9.97998 | 988.048 | 2.15156 | 4.63539 | 9.98665 | .100402 
7 | 99.4009 | 3.15753 | 9.98499 | 991.027 | 2.15228 | 4.63694 | 9.98999 | .100301 
8 99,6004 | 3.15911 | 9.98999 | 994.012 | 2.15300 | 4.63849 | 9.99333 | .100200 | _ + 
9 99.8001 | 3.16070 | 9.99500 | 997.003 | 2.15372 | 4.64004 | 9.99667 | .100100 | ~~ 
0 100,000 | 3.16228 | 10.0000 | 1000.00 | 2.15443 | 4.64159 | 10.0000 ; G 
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112 Table VII—Napierian or Natural Logarithms 
N 0 a 4. 26508 
0.0 5.395 6.088 6.493 | 6.781 7.004 7.187 

L ars = 7.697 7.793 7.880 7.960 8.0384 8.103 8.167 
0.2 | 8.391 8.4389 8.486 8.530 8.573 8.614 8.653 
0.3 | 2 8.796 | 8.829 8.861 8.891 | 8.921 8.950 8.978 
0.4 g 9.084 | 9.108 9.132 9.156 9.179 9.201 9.223 
0.5 | & 9.307 9.327 9.346 9.365 9.384 9.402 9.420 
0.6 | 2 9.489 | 9.506 9.522 9.538 | 9.554 9.569 9.584 
0.7 . 9.643 | 9.658 9.671 9.685 9.699 9.712 9.726 
0.8 | 4 9.777 | 9.789 9.802 9.814 9.826 9.837 9.849 
0.9 | & 9.895 9.906 9.917 9.927 9.938 9.949 9.959 
1.0 0.00000 0995 1980 2956 3922 4879 5827 
aR § 9531 | *0436 *1333 222 | *3103 *3976 *4842 
1.2 | 0.18232 9062 9885 *0701 ¥*1511 *2314 ¥*3111 
1.3 | 0.2'6236 | 7003 7763 8518 | 9267 *0010 *0748 
1.4 | 0.33647 4359 5066 5767 6464 7156 7844 
1.5 | 0.40547 1211 1871 2527 3178 3825 4469 
1.6 7000 | 7623 8243 8858 | 9470 *0078 *0682 
1.7 | 0.53063 3649 4232 4812 5389 5962 6531 
1.8 8779 9333 9884 *0432 | *0977 *1519 *2058 
1.9 | 0.64185 4710 5233 5752 6269 6783 7294 
2.0 9315 9813 *0310 *0804 | *1295 *1784 #2271 
2.1 | 0.74194 4669 5142 5612 6081 6547 7011 
2.2 9299 9751 *0200 *0648 *1093 *1536 
2.3 | 0.83291 | 3725 4157 4587 | 5015 5442 5866 
2.4 7547 | 7963 8377 8789 9609 #0016 
2.5 | 0.91629 2028 2426 2822 3216 3609 4001 
2.6 5551 5935 6317 6698 7078 7456 7833 
2.7 9325 9695. *0063 *0430 | *0796 *1160 *1523 
2.8 1.0 2962 3318 3674 4028 4380 4732 5082 
2.9 6471 6815 7158 7500 7841 8181 8519 
3.0 9861 | *0194 *0526 *0856 | "1186 *1514 *1841 
3.1 1.1 3140 3462 3783 4103 4422 4740 5057 
3.2 6315 6627 6938 7248 557 7865 8173 
3.3 9392 9695 9996 *0297 | *0597 *0896 *1194 
3.4 | 1.22378 | 2671 2964 3256 | 3347 3837 4197 
3.5 5276 5562 5846 6130 6413 6695 6976 
3.6 8093 | 8371 8647 8923 | 9198 9473 9746 
3.7 | 1.30833 | 1103 1372 1641 | 1909 2176 2449 
3.8 3500 | 3763 4025 4286 | 4547 4807 5067 
3.9 6098 6354 6609 6864 7118 7372 7624 

4.0 | 3629 | 8879 9128 9377 | 9624 9872 #0118 
4.1 | 1.41099 | 1342 1585 1898 | 2070 2311 2552 
4.2 3508 3746 3984 4220 4456 4692 4927 
4.3 5862 | 6094 6326 6557 | 6787 7018 7247 
4.4 8160 | 8387 8614 8840 | 9065 9290 9515 
4.5 | 1.50408 | 0630 0851 1072 | 1293 1513 1732 
4.6 2606 | 2823 3039 3256 | 3471 3687 3902 
4.7 4756 | 4969 5181 5393 | 5604 5814 6025 
4.8 6862 | 7070 7277 7485 | 7691 7898 8104 
4.9 8924 | 9127 9331 9534 | 9737 9939 *0141 
5.0 | 1.60944 1144 1343 1542 1741 1939 2137 
N 0 ee Se Cathe et 6 


0 


| 1.60944 


Napierian or Natural Logarithms 


4 
1741 


5 
1939 


6 
2137 


7 8 
2334 2531 


2924. 
4866 
6771 


8640 
1.7 0475 
2277 


4047 
5786 


7495 
9176 


2455 
4055 


5630 
7180 
8707 


1.90211 


1692 
3152 


eS ONO BARA ee a Vee bcd ei lua a 


“1.8 0829 


3705 
5632 
7523 


9378 
1199 
2988 


4746 
6473 
8171 


3900 
5823 
7710 


9562 
1380 
3166 


4920 
6644 
8339 


4094 
6013 
7896 


9745 
1560 
3342 
5094 
6815 
8507 


4287 4481 
6203 6393 
8083 8269 


9928 *0111 
1740 1919 
8519 3695 


5267 5440 
6985 7156 
8675 8842 


9840 


*0006 


*0171 


*0336 *0500 


1482 
3098 
4688 


6253 
T7194. 
9311 


0806 
2279 
3730 


1645 
3258 
4845 


6408 
T94T 
9462 


0954 
2425 
3874 


1808 
3418 
5003 


6563 
8099 
9612 


1102 
2571 
4018 


1970 2132 
3578 = 3737 
5160 5317 


6718 6872 
8251 8403 
9762 9912 


1250 1398 
2716 2862 
4162 4305 


4591 


6009 
7408 
8787 


2.0 0148 
1490 
2815 
4122 


5412 
6686 


5161 


6571 
7962 
9334 
0687 
2022 
3340 
4640 


5924. 
7191 


5303 


6711 
8100 
9470 


0821 
2155 
3471 
4769 
6051 
7317 


5445 


6851 
8238 
9606 


0956 
2287 
3601 


4898 
6179 
7443 


5586 5727 


6991 7130 
8376 8513 
9742 9877 


1089 1223 
2419 2551 
3732 3862 


5027 5156 
6306 6433 
7568 7694 


8443 


8567 


8691 


8815 8939 


9679 
0900 
2106 


3298 
4476 
5640 


6791 
7929 
9054 


9802 
1021 
2226 


3417 
4593 
5756 


6905 
8042 
9165 


%0166 


#0276 


9924. 
1142 
2346 


3535 
4710 
5871 
7020 
8155 
9277 


*0387 


*0047 *0169 
1263 1384 
2465 2585 
8653 38771 
4827 ~ 4943 
5987 6102 


7134 7248 
8267 8380 
9389 


*0497 *0607 


9500 | 


2.2 0827 
1920 
8001 


4071 
5129 
6176 
7213 


8238 
9253 


) | 2.30259 


1266 
2354 
3431 


4496 
5549 
6592 
7624 


8646 
9657 


4 


1375 
2462 
3538 


4601 
5654 
6696 
7727 


8747 
9757 


1485 
2570 
3645 


4707 
5759 
6799 


7829 
8849 
9858 


0658 0757 0857 


6 


1703 
2786 
3858 


4918 
5968 
7006 


8034 
9051 
*0058 


1594 
2678 
3751 


4813 
5863 
6903 
7932 
8950 
9958 


0956 1055 


7 8 


0 | 2.30259 


3.21888 | 40 


3.25810 
3.29584 
3.33220 
3.36730 


41 
42 
43 


3.40120 


| 2.77259 
2.83321 
2.89037 
2.94444 


SS a i Seca el ee ees, eae aa 


80 


| 2.99573 


3.43399 
3.46574 
3.49651 
3.52636 


3.55535 | 


3.68888 


55 


Replerian or Natural Logarithms 


4.00733 70 


3.71357 
3.73767 
3.76120 
3.78419 


3.87120 
3.89182 


3.91202 


57 
| 58 
59 
60 


61 
62 
63 
64 


65 


| 3.04452 
| 2.09104 
| 3.13549 

3.17805 


5.24702 


9832 


| 5.43808 
8064 
5.5 2146 

6068 


9842 
5.6 3479 
6988 


0| 5.70378 


3657 
6832 
9909 


5.8 2895 
5793 
8610 


5.9 1350 
4017 
6615 


or the formula 


5.34711 
2 9363 


; Above 409, use the formula 


3.58352 
3.61092 
3.63759 
3.66356 


9396__ 9645 
1 2 


3.93183 
3.95124 
3.97029 
3.98898 


66 
67 
68 
69 


56 | 


4.02535 | 71 
4.04305 | 72 


73 
74 


3.80666 


75 


76 
17 
78 
79 


81 
82 
83 
84 


4.24850 | 
“4.26268 | 86 
4.27667 | 

4.29046 
4.30407 | 


4.31749 


4.33073 
4.34381 
4.35671 


aaa 


Le ee LY 
ES82 2 
Se) SBS Pe ee 


7283 8213 9185 
See 


3620 4493 5359 | 6217 7068 7912 

*2028 #2831 *3628 | *4419 *5203 *5981 

9784 *0527 *1265 | *1998 *2725 #3447 

6981 7673 8361 | 9043 9721 5 

3695 4343 4986 | 5625 6260 6890 

9987 *0595 *1199 | *1799 #2396 *2090 

5906 6479 7048 | 7615 8178 8739 

*1494 #2036 #2575 | *3111 *3644 *4175 

6786 7300 7811 | 8320 8827 9330 
*1321_| #1812 _*2301_*2788_ | #3272 *3754_ #4933 
6129 | 6598 7064 7528 | 7990 8450 8907 
*0717 | *1165 *1610 *2053 | #2495 #2935 #3372 
5104 | 5532 5959 6383 | 6806 7227 7646 
9306 | 9717 *0126 *0533 | *0939 1343 #1745 
3339 | 3733 4126 4518 | 4908 5296 5683 
7215 | 7595 7973 8350 | 8725 9099 9471 
“0017 | "1313 "1677 #2040 | #2402 #2762 #3121 
4545 | 4807 5249 5599 | 5948 6296 6643 
8017 _| 8358 8698 9036 | 9373 9709 *0044 
1373_| 1703 2031 2359 | 2685 3010 3334 
4620 | 4939 5257 5574 | 5890 6205 6519 
7765 | 8074 8383 8690 | 8996 9301 9606 
*0814 | *1114 1413 *1711 | *2008 #2305 #2600 
3773 | 4064 4354 4644 | 4932 5220 5507 
6647 | 6930 7212 7493 | 7774 8053 8332 
9440 | 9715 *0263 | *0536 *0808 #1080 
2158 | 2426 2693 2959 | 3225 3489 3754 
4803 | 5064 5324 5584 | 5842 6101 6358 
7381_| 7635 7889 8141 | 8394 8645 8896 
9894_| *0141_*0389 #0635 | *0881 #1127 #1372 
3 4 ni, mee : 


log. 10 n = loge n+ loge 10= 
loge n = loge 10 - login 


BRIEF TABLES 
PRINCIPALLY TO FOUR PLACES 


| 10]}0000} 0043! 0086 


‘| 14]] 1461] 1492 
| 15]}1761] 1790] 1818] 1847] 1875 


2095) 2122) 2148 


: 2355] 2380} 2405 
| 18 || 2553) 2577} 2601) 2625] 2648 
we 19 || 2788} 2810) 2833) 2856] 2878 


_ | 20}| 3010) 3032] 3054) 3075] 3096 


| 21 |} 3229] 3243] 3263] sega! 3304 
| 22113424) 3444] 3464! 3483] 3502 


‘|| 5441) 5453 


6232) 6243 


2| 6551) 6561] 6571 
337| 6646) 6656] 6665 


6739) 6749] 6758 
6830) 6839] 6848 
6902} 6911] 6920} 6928] 6937 


6990} 6998} 7007} 7016] 7024 


| 7076] 7084) 7093} 7101] 7110 
52 ||7160] 7168) 7177] 7185] 7193 
53 || 7243] 7251) 7259] 7267| 7275 


7364 


0128] 0170; 0212 


0492) 0531) 0569] 0607| 0645] 0682) 0719 
0864 0899} 0934; 0969) 1004] 1038] 1072 
1206} 1239] 1271) 1303) 1335} 1367| 1399 


1523} 1553] 1584) 1614) 1644] 1673] 1703 
1903} 1931] 1959; 1987 
2175} 2201) 2227] 2253 


2430) 2455] 2480) 2504 
2672) 2695} 2718) 2742 
2900| 2923} 2945) 2967 
3118} 3139] 3160] 3181) 


3324] 3345] 3365] 3385 
: 3522) 3541) 3560| 3579 
| 23]|3617] 3636) 3655] 3674] 3692] 3711| 3729] 3747| 3766 


| 24 || 3802] 3820] 3838] 3856] 3874] 3892! 3909] 3927 3945 
| 251) 3979) 3997] 4014| 4031] 4048] 4065) 4082] 4099] 4116 
| 26 || 4150} 4166} 4183} 4200] 4216] 4232] 4249] 4265] 4981 


i || 4314) 4330| 4346] 4362] 4378] 4393] 4409] 4425] 4440 
| 28°) 4472) 4487] 4502) 4518] 4533] 4548] 4564] 4579| 4504 
_ | 29 1/4624) 4639) 4654) 4669] 4683} 4698] 4713] 4728] 4742 


34 || 5315] 5328) 5340| 5353] 5366] 5378] 5391| 5403 
5465) 5478} 5490) 5502) 5514) 5527 
5587) 5599} 5611) 5623) 5635] 5647| 5658 


5705} 5717] 5729] 5740) 5752] 5763] 8775 
5821) 5832} 5843) 5855] 5866] 5877| 5888 
5933) 5944) 5955) 5966] 5977] 5988 


6149} 6160} 6170| 6180] 6191] 6201 
6253] 6263) 6274) 6284) 6294] 6304] 6314] 6325 
335] 6345) 6355) 6365] 6375| 6385| 6395] 6405| 6415] 6425 


6454) 6464) 6474) 6484] 6493] 6503] 6513] 6522 


6580 
6675 
6767 
6857 
6946 


7033 


7118 
7202 
7284 


__ The proportional parts are stated in full for 
‘The logarithm of any number of four significant 
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figures can be read directly by ad 
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Table A— Four Place Logarithms 117 


| 7435 
7513 
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he proportional part corresponding to the fourth figure to the tabular number 
ssponding to the first three figures. There may be an error of lin the last place. 
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eee eo 


ee 


Ph ee 


fob ee fe] 


Nite NNN NNe 


Dbh NWN bHwp 


Cod Www Nth 


Ll aetl eee eel ol el od on 


7" me 


Nb NNN RRR 


PPP PEP PPP 


PPP PPR COWOtD (Ol WWW WWW WwW 
HOO PPP PP PP PRO Cw OW t 


On AOE PP 


Db dp Hwewliy] A 
hobo woOwObO porto |Do] 


+ Places it ON 


—_—| | | ___——_____] ce 


bo 
Oo ft 


a 


wew wwrps 
Wlwwtw wwe whor 


© | bobo 
oo 


Ow Stott www 


rs 


fo) ee eo eo 


— | | | 


AAA AAA aoa; 
AAD AAD AAD 


3] Table B— Antilogarithns to Four Places 119 


3/41] 5 8 1°9 112 34-4 5 6 leTeene 

3162| 3170} 3177],3184] 3192} 3199 3221| 3228) 112/34 4| 5 6 7 

3236] 3243] 3251] 3258] 3266] 3273 3296] 33041 12/3 44] 5 67 

3311] 3319] 3327] 3334] 3342] 3350 3373| 33811 112/345] 5 6 7 

3388] 3396| 3404| 3412] 3420] 3428 3451) 34591 22/3 45] 667 

3467| 3475] 3483] 3491] 3499] 3508 3532| 354011 22/3 45] 6 6 7 

3548| 3556| 3565] 3573] 3581] 3589 3614| 36221 22/3 45] 677 
3631] 3639} 3648] 3656] 3664| 3673 3698/3707, 1 22/3 45] 67 8] 

3715] 3724| 3733] 3741] 3750| 3758 3784] 3793}1 23/3 45] 67 8 

3819} 3828] 3837| 3846 3873| 388211 23/3 4 5] 6 7 8 

3890} 3899| 3908] 3917] 3926| 3936 3963| 8972) 1 2 3/4 5 5| 6 7 8 

3999] 4009] 4018] 4027 4055] 40641 23/4 5 6| 7 8 8 

4093] 4102] 4111] 4121 4150/4159} 123/45 6| 789 

4188] 4198] 4207/ 4217 3] 4246| 42561 23] 4 5 6| 7 8 9 

4285] 4295] 4305! 4315 4345/4355, 123/456] 7 89 

4385] 4395] 4406] 4416 4446| 445711 23/456] 789 

4487| 4498] 4508| 4519 9] 4550) 45601 1 23/4 5 6] 7 8 9 

4592| 4603] 4613] 4624 4656] 4667,1 2 3] 4 5 6] 7 910 

4688| 4699] 4710] 4721| 4732 3] 4764/4775] 1 23/4 5 7} 8 910 

4808] 4819| 4831) 4842 4875| 4887/1 23/5 6 7} 8 910 

4920| 4932} 4943] 4955 4989/5000} 12 3| 5 6 7} 8 910 

5035] 5047} 5058] 5070 5105| 5117, 1 2 3|5 6 7| 8 910 

5152| 5164] 5176) 5188 5224] 52361 24/5 6 7} 81011 

5272| 5284] 5297| 5309 3] 5346| 5358) 1 2 4/5 6 7] 91011. 

5395] 5408] 5420) 5433 5470| 5483] 1 3 4|5 6 7| 91011 

5621| 5584] 5546) 5559 5598/ 561011 3 4/5 6 8| 91012 

5649] 5662] 5675] 5689 5728| 574111 34/5 7 8} 91112 

5781| 5794] 5808) 5821 5861] 587511 34/5 7 8| 91112 

5916] 5929] 5943) 5957 5998] 6012} 1 3 4| 5 7 8 | 101112 

6053] 6067| 6081| 6095 6138] 6152} 1 3 4|6 7 8 | 101113 

6194] 6209] 6223) 6237 3] 6281| 6295] 1 3.4/6 7 9 | 101113 

6339 6353] 6368) 6383 6427| 6442) 13 4] 6 7 9 | 101213] 

6457| 6471] 6486] 6501] 6516] 6531 6577) 6592, 2 35 | 6 8 9 | 111214 

6607} 6622| 6637| 6653] 6668] 6683 6730] 6745] 2 3.5 | 6 8 9 | 111214 
6761] 6776| 6792] 6808] 6823] 6839 6887/6902} 2 35/6 8 9| 111314] 

6918] 6934| 6950 6966] 6982) 6998 7047| 7063] 2-3 5 | 7-810 | 111315 

7079] 7096] 7112 7129] 7145] 7161 7211| 7228| 2 3 5 | 7 810 | 121315 

7244] 7261| 7278. 7295| 7311) 7328 7379| 7396| 2 3 5 | 7 810 | 121415 

7413] 7430] 7447] 7464| 7482] 7499 7551| 7568] 2 4 5 | 7 910 | 121416 

7586| 7603| 7621| 7638] 7656] 7674 7727| 7745] 24 5 | 7 911] 121416 

7762| 7780) 7798| 7816] 7834) 7852 7907| 7925] 2 4 6 | 7 911 |-13 15 16 

Bee Coto) 7262 7080) F298} S017 | 8085 8091) 8110] 2 4 6 | 7 911 | 131517 

8128] 8147] 8166] 8185] 8204] 8222 8279| 8299] 2 4 6 | 8 911 | 131517 
| 8318] $337| 8356] 8375] 8395] 8414 24.6 | 81012 | 141517 | 

8511] 8531) 8551] 8570| 8590} 8610 246 81012 | 141618 

8710] 8730] 8750] 8770] 8790} 8810 24 6 | 81012 | 14 16 18 
8913] 8933] 8954] 8974] 8995) 9016 ‘ 24 6| 81012 | 151719 

9120] 9141] 9162) 9183] 9204) 9226 24 6} 91113 | 151719 
9333] 9354] 9376] 9397| 9419] 9441] 9462] 9484| 9506] 9528] 2 4 6 | 91113 | 15.1719 | 
9550] 9572| 9594] 9616] 9638] 9661] 9683] 9705] 9727| 9750] 2 4 7 | 91113 | 1618 20°) 
25 7/ 91114 | 161821 | 


9772} 9795| 9817] 9840} 9863} 9886} 9908} 9931} 9954) 9977 
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Table C— Four Place Trigonome 


Logy9|/Value Log, |Value Log,,|" é ; ) 
Cosixn Coraxauwa | Tancmen ein rice DEGREES| RADIANS 


- mete 


Ci Four Place Trigonometric Functions 


12: 


[Characteristics of Logarithms omitted — determine by the usual rule from the value] 


Value 


3142 | 18°00’; .3090 . 


Logyo|Value Logi ‘Value 
Cosine 


CoTANGENT 


Logio| Value 


"TANGENT Si 


81°00’) 1.4137 


2 3 i Sinz TANGENT CoTaNGENT Cos1nz 

Se aa Value Logy|/Value Logy/Value Logy/Value Logyg 

| 1571 9°00’ .1564 .1943 | .1584 .1997 | 6.3188 .8003 | .9877 .9946 
-1600 10 | .1593 .2022 | .1614 .2078| 6.1970 .7922| .9872 .9944 50 
~ 1629 20 | .1622 .2100| .1644 .2158| 6.0844 .7842 | .9868 .9942 40 
1658 30 | .1650 .2176 | .1673 .2236 | 5.9758 .7764| .9863 .9940 30 
1687 40 | .1679 .2251) .1703 .2313| 5.8708 .7687 | .9858 .9938 20 
1716 50] .1708 .2324 | .17383 .2389] 5.7694 .7611} .9853 .9936 10 
1745 |10°00’) .1736 .2397 | .1763 .2463| 5.6713 .7537 | .9848 .9934 | 80° 00’ 
LiT4 10] .1765 .2468| .1793 .2536 | 5.5764 .7464 | .9843 .9931 50 
1804 20 | .1794 .2538) .1823 .2609| 5.4845 .7391 | .9838 .9929 40 
1833 30 | .1822 .2606 | .1853 .2680 | 5.3955 .7320 | .9833 .9927 30 
1862 40] .1851 .2674| .1883 .2750| 5.3093 .7250| .9827 .9924 20 
1891 50] .1880 .2740] .1914 .2819 | 5.2257 .7181| .9822 .9922 10 
-1920 | 11°00’| .1908 .2806| .1944 .2887 | 5.1446 .7113| .9816 .9919] '79° 00’ 
-1949 10 | .1937 .2870] .1974 .2953| 5.0658 .7047 | .9811 .9917 50 
1978 20 | .1965 .2934 | .2004 .3020| 4.9894 .6980 | .9805 .9914 40 
:2007~ 30 | .1994 .2997 | .2035 .3085 | 4.9152 .6915 | .9799 .9912 30 
.2036 40 | .2022 .3058 | .2065 .3149 | 4.8430 .6851)|'.9793 .9909 20 
-2065 50 | 2051 .3119] .2095 .8212| 4.7729 .6788| .9787 .9907 10 
-2094 | 12°00] .2079 .3179] .2126 .38275| 4.7046 .6725 | .9781 .9904|'78° 00’ 
212% 10 | .2108 3238] .2156 .3336 | 4.6382 .6664 | .9775 .9901 50 
2153 20 | .2136 <3296 | .2186 .3397 | 4.5736 .6603 | .9769 .9899 40 
.2182 30 | .2164 .3353 | .2217 .3458) 4.5107 .6542 | .9763 .9896 30 
2211 40 | .2193 .3410 | .2247 .3517 | 4.4494 .6483 | .9757 .9893 20 
+2240 50 | .2221 .3466 | .2278 .3576 | 4.3897 .6424 | .9750 .9890 10 
2269 | 13°00’ .2250 .3521 | .2309 .3634| 4.3315 .6366 | .9744 .9887 | 77°00’ 
| ~.2298 10 | .2278 .3575 | .2339 .38691 | 4.2747 .6309)| .9737 .9884 50 
2327 20 | .2306 .3629)| .2370 .38748 | 4.2193 .6252 | .9730 .9881 40 
2356 80 | .2334 .3682 | .2401 .3804 | 4.1653 .6196| .9724 .9878 30 
+2385 40 | .2363 .38734 | .2482 .3859/ 4.1126 .6141} .9717 .9875 20 
2414 50 | .2391 .3786| .2462 .3914/|4.0611 .6086} .9710 .9872} - 10 
2443 |14°00’| .2419 .3837 | .2493 .3968] 4.0108 .6032 | .9703 .9869 | 76°00’ 
2473 10 | .2447 .3887 | .2524 .4021 | 3.9617 .5979 | .9696 .9866 50 
2502 20 | .2476 .3937 | .2555 .4074 | 3.91386 .5926 | .9689 .9863 40 
2531 30 | .2504 .3986 |.2586 .4127 | 3.8667 .5873 | .9681 .9859 30 
.2560 40 | .2532 .4035 | .2617 .4178| 3.8208 .5822 | .9674 .9856 20 
-2589 50} .2560 .4083] .2648 .4230| 3.7760 .5770 | .9667 .9853 10 
2618 |-15°00'| .2588 .4130] .2679 .4281| 3.7321 .5719| .9659 .9849 | 75° 00’ 
2647 10} .2616 .4177] .2711 .4831 | 3.6891 .5669 | .9652 -.9846 50 
2676 20 | .2644 .4223| 2742 .4381| 3.6470 .5619} .9644 .9843 40 
2705 30 | .2672 .4269| .2773 .44380 | 3.6059 .5570 | .9636 .9839 30 
2734 40 | .2700 .4314| .2805 .4479| 3.5656 .5521| .9628 .9836 20 
2763 50 | .2728 .4359| .2836 .4527 | 3.5261 .5473 | .9621 .9832 10 
2793 |16°00’| .2756 .4403 | .2867 .4575 | 3.4874. .5425 | .9613 .9828 | 74°00’ 
2822 10 | .2784 .4447| .2899 .4622 | 3.4495 .5378| .9605 .9825 50 
2851 90 | 2812 .4491 | .29381 .4669 | 3.4124 .5331 | .9596 .9821 40 
2880 30 | .2840 .4533| .2962 .4716| 3.3759 .5284| .9588 .9817 30 
bs 40 | .2868 .4576 | .2994 .4762 | 3.3402 .5238 | .9580 .9814 20 
2938 50 | .2896 .4618 | .8026 .4808 | 3.3052 .5192| .9572 .9810 10 
.2967 |17°00’| .2924 .4659| .3057 .4853| 3.2709 .5147 | .9563 .9806 73°00’ 
-2996 10 | .2952 .4700| .3089 .4898 | 3.2371 .5102| .9555 .9802 50 
+8025 20 | .2979 .4741] .3121 .4943 | 3.2041 .5057 | .9546 -.9798 40 
3054 30 | .3007 .4781| .8153. .4987 | 3.1716 .5013) .9537 .9794 30 
3083 40 | 3085 .4821 | .3185 .5031| 3.1397 .4969| .9528 .9790 20 
3113 50 | 8062 .4861| .3217 .5075 | 3.1084 .4925 | .9520 .9786 10 
4900 | 3249 .5118| 3.0777 .4882| .9511 .9782|'72° 00 


1.4108 
1.4079 
1.4050 
1.4021 
1.3992 


1.3963 
1.3934 
1.3904 
1.3875 
1.3846 
1.3817 


1.3788 
1.3759 
1.3730 
1.3701 
1.3672 
1.3643 


1.3614 
1.3584 
1.3555 
1.3526 
1.3497 
1.3468 
1.3439 
1,3410 
1.3381 
1.3352 
1.3323 
1.3294 


1,3265 
1.3235 
1.3206 
1.3177 
1.3148 
1.3119 


1.3090 
1.3061 
1.3082 
1.3003 
1,2974 
1.2945 


1.2915 
1.2886 
1.2857 
1.2828 
1.2799. 
1.2770 
1.2741 
1.2712 
1.2683 
1.2654 
1.2625. 
1.2595. 
1.2566 


oor, 


P10 Drq@reres| RADIANS 


reur Place ‘Trigonometrie vm tions 


_ [Characteristics of Logarithms omitted — determine by the usual rule from the value] 


IR SINE TANGENT CoTANGENT CosinE 
‘oe ale beim Value Log; |/Value Log; |Value Logyo| Value 


es Se ee a aes ba ee ee ae ee 


ste 18° 00'| .3090 .4900 | .3249 .5118| 3.0777 . 9511 .9782 | 72°00") 1 

10 | .3118 .4939/] .8281 .5161]| 3.0475 .4839| .9502 .9778 50 | 1.2537 

20 | .3145 .4977| .3314 .5203 | 3.0178 .4797 | .9492 .9774 40 a 

30 | .3173 .5015 | .3346 .5245 | 2.9887 .4755| .9483 .9770 30 | 1.2479 

40 | .8201 .5052| .3378 .5287| 2.9600 .4713| .9474 .9765 20 | 1.2450 | 

50 | .8228 .5090] .3411 .5329/ 2.9319 .4671) .9465 .9761 10 | 1.2421 

19°00’) 3256 .5126| .3443 .5370 | 2.9042 .4630| .9455 .9757| 71° 00’| 1.2392 

10]. 2.8770 .4589 | .9446 .9752 50 | 1.2363 | 

F 2.8502 .4549| 9486 .9748 40 | 1.2334 

2.8239 .4509 | .9426 .9743 30 | 1.2305 

2.7980 .4469| .9417 .9739 20 | 1.2275 

2.7725 .4429| .9407 .9734 10 | 1.2246 | 

2.7475 .4389 | .9397 .9730| '70° 00’) 1.2217 | 

2.7228 .4350'| .9387 .9725 50 | 1.2188 

2.6985 .4311| .9377 .9721 40 | 1.2159 

2.6746 .4273 | .9367 .9716 30 | 1.2130 

2.6511 .4234 | .9356. .9711 20 | 1.2101 

2.6279 .4196 | .9346 .9706 10 | 1.2072 

2.6051 .4158 | .9336 .9702 | 69° 00’} 1.2043 

2.5826 .4121| 9325 .9697 50 | 1.2014 

2.5605 .4083 | .9315 .9692 40 | 1.1985 

2.5386 .4046 | .9304 .9687 30 | 1.1956, 

2.5172 .4009 | .9293 .9682 20 | 1.1926 

2.4960 .3972| .9283 .9677 10 | 1.1897 

2.4751 .3936 | .9272 .9672] 68°00’| 1.1868 

-926 1.1839 

1.1810 

1.1781 

1.1752 
23°00’). 
; 10]. 


 |26°00'. 
Ae | 10 


10 | : 0353 3086 | ‘8975 ; BO 
20 | .4436 .6470| 4950 .6946 | 2.0204 '3054| ‘8962 ‘9504 40 
30 | 4462 .6495 | 4986 .6977 | 2.0057 |3023| 3949 [9518 30 
40 | .4488 .6521 | 5022 .7009| 1.9912 2991 | 8936 (9519 20 
50 | 4514 .6546 | .5059 :7040 | 1.9768 2960 | |8923 ‘9505 10 | 


| amg 27° al -4540 .6570 | 5095 .7072| 1.9626 .2928| .8910 .9499 | 63° 00’ 


Value Log,o| Value Logyo| Value Value 
OCosinz ‘" CoraNcENT’ Pies 6 Sinz 


C) 


Four Place Trigonometric Functions 


[Characteristics of Logarithms omitted — determine by the usual rule from the value] 


RaApIANs | DEGREES 


4712 
_ 4T4L 
ATL 
.4800 
4829 
4858 


4887 
4916 
4945 
4974 
5003 
5032 
| 5061 
5091 
5120 
5149 
-5178 
5207 


5236 
5265 
5294 
53823 
5352 
5381 
5411 


TANGENT 


Value 


CoTANGENT Cosixz 
Log; |Value Logo| Value 


Logi 


27°00"). 
10 


20 
30 
40 
50 


28°00" . 
10 


5878 . 


5095 
5132 
5169 
5206 
5243 
5280 


5317 
5354 
5392 
5430 
0467 
5505 


5543 
5581 
5619 
5658 
5696 
5735 


OTT4 
5812 
5851 
5890 
5930 
5969 


6009 
6048 
6088 
6128 
6168 
-6208 


6249 


-.6289 


6330 
63871 
-6412 
6453 
6494. 
6536 
6577 
.6619 
-6661 
.6703 


6745 
6787 
6830 
6873 
.6916 
6959 


-7002 
-7046 
7089 
7183 
‘TIT 
7221 


-7265 


7072 
-7103 
7134 
7165 
7196 
7226 


1257 
1287 
T31T 
7348 
7378 
7408 


.7438 
7467 
7497 
.7526 
7556 
.7585 


7614 
1644 
1673 
-T701 
7730 
1759 


1788 
-7816 
1845 
1873 
7902 
7930 


1958 
7986 
8014 
8042 
.8070 
8097 


8125 
8153 
8180 
-8208 
8235 
8263 


8290 
8317 
8344 
8371 
8398 
8425 


8452 
8479 
8506 
8533 
8559 
8586 


8613 


1.9626 .2928 | .8910 
1.9486 .2897 | .8897 
1.9347 .2866 | .8884 
1.9210 .2835 | .8870 
1.9074 .2804 | .8857 
1.8940 .2774 | .8843 


1.8807 .2743 | .8829 
1.8676 .2713 | .8816 
1.8546 .2683 | .8802 
1.8418 .2652 | .8788 
1.8291 . 8774 
1.8165 . .8760 


1.8040 . 8746 
UTOLT 8732 
TT96: .8718 
1,7675 . 8704 
1.7556 . 8689 
1.7437 . 8675 


1.7321 | 8660 
1.7205 .2856 | .8646 
1.7090 . 8631 
1.6977 . 8616 
1.6864 . -8601 
1.6753 . 8587 


1.6643 . 8572 
1.6534 . 8557 
1.6426 . 8542 
1.6319 . 8526 
1.6212 . 8511 
1.6107 . 8496 


1.6003 . 8480 
1.5900 . 8465 
1.5798 . 8450 
1.5697 . 8434 
1.5597 -8418 
1.5497 . 8403 


1.5399 .1875 | .8387 
1.5301 . 8371 
1.5204 . 8355 
1.5108 . 8339 
1.5013 . 8323 
1.4919 . 8307 


1.4826 . .8290 
1.4733 . 8274 
1.4641 .1656 | .8258,, 
1.4550 . 8241 
1.4460 . 8225 
1.4370 . 8208 


1.4281 . 8192 
1.4193 . 8175 
1.4106 8158 
1.4019 . 8141 
1.3934 8124 
1.3848 . 8107 


1.3764 .8090 


Value 
Cc 


Logyo| Value 
CoTANGENT 


OSINE 


Logio 


Value Logyo| Value 
TANGENT Sr 


-9499 
94.92 
-9486 
-9479 
9473 
9466 
9459 
9453 
9446 
9439 
-9432 
9425 
9418 
-9411 
-9404 
9397 
.9390 
9383 


9375 
-9368 
9361 
-9353 
9346 
-9338 


.9331 
-9323 
-9315 
.9308 
-9300 
9292 


9284 
-9276 
-9268 
-9260 
9252 
9244 


-9236 
9228 
9219 
9211 
-9203 
9194. 


-9186 
9177 
-9169 
-9160 

9151 

9142 


9134 
+9125 
-9116 
-9107 
-9098 
9089 


-9080 


63° 00’ 
50 
40 
30 
20 
10 
62° 00’ 
50 
40 
30 
20 
10 


61° 00’ 
50 
40 
30 


20 
10 


60° 00’ 
50 


55°00’ 
50 


40] 


30 
20 
10 


54°00'| 


pee bts DreRrers| RADIANS 


SINE TANGENT 
Logy9|Value Logi 


‘ 1692) . F 
0 | .5901 .7710| .7310 . 
5925 .7727| .7355 . 


6293 .7989| .8098 .9084 171 
6316 .8004| .8146 .9110 7753 
6338 .8020] .8195 .9135 -T735 
6361 .8035| .8243 .9161 -1716 
6383 .8050| .8292 .9187 -7698 
6406 .8066| .8342 .9212 7679 
6428 .8081} .8391 .9238 -7660 
6450 .8096] .8441 .9264 -7642 
6472 .8111] .8491 .9289 -7623 
6494 .8125) .8541 .9315 -7604 
6517 .8140| .8591 .9341 -7585 
6539 .8155| .8642 .9366 «7566 
6561 .8169} .8693 .9392 -T547 
6583 .8184] .8744 .9417 7528 
6604 .8198| .8796 .9443 -7509 
6626 .8213| .8847 .9468 -7490 
6648 .8227| .8899 .9494 -7470 
6670 .8241 |* .8952 .9519 7451 
6691 .8255| .9004 .9544 -7431 


-T412 
6734 .8283] .9110 .9595 -7392 
6756 .8297| .9163 .9621 -1373 
6777 .8311} .9217 .9646 -7353 
6799 .8324| .9271 .9671 7333 
6820 .8338} .9325 .9697 7314 
6841 .8351] .9380 .9722 


sa9 44°00"). 


6947 .8418| .9657 .9848 7193 

ae 6967 .8431| .9713 .9874 7173 
zal, r738 6988 .8444| .9770 .9899 7153 
7009 .8457| .9827 .9924 7133 
7030 .8469| .9884 .9949 7112 

7050 .8482| .9942 .9975 .7092 


-T071 .8495 | 1.0000 .0000 


Value Logy|Value Logyp| Value 
CosInz OoTANGENT TANG: 


BOOKBINDING CO. 


inupT.” eo9 Ay Soc 


«QUALITY CONTROL MARK 


‘194 Four ‘Place Trigonometric Fant ions | 


[Characteristics of Logarithms omitted — determine by the usual rule ‘from the 1 valu 


8995 30| .9163 | 
3985] 20] :9134 | 
:8975| 10] .9105 


.8965 | 52° 00 .9076 
{8945 40| .9018 | 
18935 30] .8988 


8925 20} .8959 | 
8915 10] .8930 | 


| 
| 
.8905 51°00’ .8901 
"8884 40 | 8843 | 
8874 30} 8814 | 
$864] 20] “8785 | 

| 


10 
53° 00’ 

50 
40 
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